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A B S T R A C T
An egg p a r a s i t e ,  O o e n c y r tu s  s u b m e t a l l i c u s  (H ow ard)  was  
i m p o r t e d  f r o m  T r i n i d a d  a n d  w as  m a i n t a i n e d  a t  the  D e p a r t m e n t  of 
E n t o m o l o g y ,  L o u i s i a n a  S ta te  U n i v e r s i t y .  T h i s  s p e c i e s  w as  ' 
c o m p a r e d  w i th  the  in d ig e n o u s  egg p a r a s i t e ,  T r i s s o l c u s  b a s a l i s  
(W ol la s ton) .  S o m e  b i o l o g i c a l  a s p e c t s  of  the  p a r a s i t e s  w e r e  i n v e s t i ­
g a te d ,  a n d  t h e i r  e f f e c t i v e n e s s  a s  r e g u l a t i v e  a g e n t s  of N e z a r a  
v i r i d u l a  ( L in n a e u s )  w a s  c o m p a r e d  in  the  l a b o r a t o r y  a n d  f ie ld .
D e v e l o p m e n t a l  d u r a t i o n s  of  bo th  p a r a s i t e  s p e c i e s  w e r e  
g r e a t l y  r e d u c e d  w hen  t e m p e r a t u r e s  w e r e  i n c r e a s e d ,  w h e r e a s  c h an g e  
in  p h o to p e r io d  d id  not  h a v e  a n y  in f lu e n c e .  S u c c e s s i v e  g e n e r a t i o n s  
of the p a r a s i t e s  w e r e  m a i n t a i n e d  u n d e r  t e m p e r a t u r e s  of  21, 25 an d  
2 9 °  C w i th  r e g i m e s  of 14L:10D a n d  10L:14D.
M a l e s  of T .  b a s a l i s  e m e r g e d  e a r l i e r  f r o m  the h o s t  eggs  than  
f e m a l e s ,  w h e r e a s  m a l e s  of O. s u b m e t a l l i c u s  s t a r t e d  e m e r g i n g  l a t e r  
t h a n  the  f e m a l e s  b u t  c o m p l e t e d  e m e r g e n c e  b e f o r e  a l l  f e m a l e s  h a d  
e m e r g e d .
A d u l t  l o n g e v i ty  of  p a r a s i t e s  r e a r e d  in  the  l a b o r a t o r y  w as  
s ig n i f i c a n t l y  i n c r e a s e d  ( P <  0 . 0 1 )  w h en  th e y  w e r e  f e d  on  h o n ey .  
O v ip o s i t io n a l  s t r e s s  i n  the  p r e s e n c e  o f  h o n e y  d e c r e a s e d  t h e i r
v iii
l o n g e v i ty  s ig n i f i c a n t ly  ( P < 0 . 0 1 ) .  O. s u b m e t a l l i c u s  sh o w ed  s u p e r - 
p a r a s i t i s m .  F e m a l e s  of O. s u b m e t a l l i c u s  an d  T. b a s a l i s  o v ip o s i te d  
m o r e  than  a  s in g l e  egg p e r  h o s t  egg on s e v e r a l  o c c a s i o n s .  When a  
h o s t  egg w as  p a r a s i t i z e d  by T. b a s a l i s  on ly  one p a r a s i t e  e m e r g e d ,  
w h e r e a s  in  the  c a s e  of O. s u b m e t a l l i c u s  a  m e a n  of 1 .24  p a r a s i t e s / e g g  
e m e r g e d .  Bo th  s p e c i e s  o f ten  o v ip o s i t e d  in  the  s a m e  h o s t  egg. 
H o w e v e r ,  in d iv id u a l s  of  no m o r e  than  one s p e c i e s  w e r e  e v e r  o b s e r v e d  
to e m e r g e  f r o m  p a r a s i t i z e d  e g g s .  An a r r h e n o t o k o u s  s t r a i n  of O. 
s u b m e t a l l i c u s  w as  found in  c o n t r a s t  to p r e v i o u s l y  s tu d i e d  the lyo tokous  
p o p u la t io n s .  In the  a r r h e n o t o k o u s l y  r e p r o d u c i n g  s t r a i n ,  w h en  t e m p e ­
r a t u r e  w a s  i n c r e a s e d  m o r e  m a l e  p r o g e n y  w e r e  p r o d u c e d .  A s i g n i ­
f ic an t ly  n e g a t iv e  c o r r e l a t i o n  w a s  found b e t w e e n  s e x  r a t i o  a n d  
t e m p e r a t u r e  (r  = -0 .617**) .
In p r e l i m i n a r y  f ie ld  t r i a l s  in  a  144 m  a r e a  w h e r e  10 ,000 
p a r a s i t e s  of bo th  s p e c i e s  w e r e  r e l e a s e d ,  no s ig n i f i c a n t  d i f f e r e n c e  
b e tw e e n  p a r a s i t i z a t i o n  of s t in k  bug eggs  by the  two s p e c i e s  was
7
o b s e r v e d  ( P >  0. 05) .  H o w e v e r ,  in  a  400 m  a r e a ,  T .  b a s a l i s  p a r a ­
s i t i z e d  m o r e  egg m a s s e s  th an  O. s u b m e t a l l i c u s  ( P < 0 . 0 5 ) .  R e s u l t s  
of t h e s e  s tu d i e s  i n d i c a t e  t h a t  t h e r e  w o u ld  be no a d v a n ta g e  g a in ed  in  
r e g u l a t i o n  of s t i n k  bug p o p u la t io n s  by i m p o r t a t i o n  a n d  c o lo n iz a t io n  
of O. s u b m e t a l l i c u s .
INTRODUCTION
The s o u t h e r n  g r e e n  s t in k  bug ,  N e z a r a  v i r i d u l a  (L in n a e u s ) ,  
i s  a  p o lyphagous  i n s e c t  w h ich  f e e d s  on t h r e e  f a m i l i e s  of m o n o ­
c o ty led o n s  an d  29 f a m i l i e s  of d ico ty led o n s  w i th  p r e f e r e n c e  fo r  
G v a m in e a e  a n d  L e g u m i n o s a e ,  r e s p e c t i v e l y  (Hoffm an,  1935). It is  
c o s m o p o l i t a n  in i t s  d i s t r i b u t i o n  ( C u m b e r ,  1964; D eW it t  and  G o d f re y ,  
1972; D eB a c h ,  1974), a n d  c a u s e s  c o n s i d e r a b l e  r e d u c t i o n s  in q u a l i ty ,  
g e r m i n a t i o n  a n d  y ie ld  of  s o y b e a n s  in  L o u i s i a n a  ( J e n s e n  and  N e w s o m ,  
1972).
I n s e c t i c i d e s  u s e d  to c o n t r o l  th i s  p e s t  r e s u l t  in  a c o n s i d e r a b l e  
e x p e n d i t u r e  to f a r m e r s ,  h a v e  d e l e t e r i o u s  e f fe c t s  on b e n e f i c i a l  
i n s e c t s ,  an d  a d d  to e n v i r o n m e n t a l  po l lu t ion  p r o b l e m s .  T h e r e f o r e ,  
t h e r e  i s  a  n e e d  to d e v e lo p  s a f e r  a n d  m o r e  e c o n o m i c a l  c o n t r o l  
m e a s u r e s .  The u s e  of i n s e c t i c i d e s  co u ld  be  r e d u c e d  by  i n t e g r a t i o n  
of v a r i o u s  c o n t r o l  p r o c e d u r e s  in to  a  h a r m o n i o u s  s y s t e m .  One of 
the  i m p o r t a n t  c o m p o n e n t s  in  su c h  a n  ' I n t e g r a t e d  C o n t r o l 1 s c h e m e  
would  be the u s e  of  b io lo g ic a l  c o n t r o l  a g e n t s .  T he  n a t iv e  b io lo g ic a l  
c o n t r o l  a g e n t s  in  L o u i s i a n a  s o y b e a n  e c o s y s t e m s  p r o v id e  s o m e  
c o n t r o l ;  h o w e v e r ,  the i n t r o d u c t i o n  of new  p a r a s i t e s  h a s  the  p o s s i b i ­
l i t y  of  g iv ing  a d d i t io n a l  o r  c o m p l e t e  c o n t r o l .
2O v e r  253 s u c c e s s f u l  c a s e s  of b io lo g ic a l  p e s t  c o n t r o l  p r o g r a m s  
w e r e  r e c o r d e d  th r o u g h  the  i m p o r t a t i o n  a n d  r e l e a s e  of  n a t u r a l  
e n e m i e s  (D eB ac h ,  1974). v a n  den  B o s c h  a n d  M e s s e n g e r  (1973) l i s t e d  
ab o u t  75 t a r g e t  s p e c i e s  of i n s e c t  p e s t s  w h ic h  w e r e  c o m p l e t e l y  o r  
s u b s t a n t i a l l y  c o n t r o l l e d  in  th i s  w ay .
O o e n c y r tu s  s u b m e t a l l i c u s  (H o w ard ) ,  ( E n c y r t i d a e  : H y m e n o p te r a ) ,  
is  an  i m p o r t a n t  egg p a r a s i t e  of N. v i r i d u l a  in  T r i n i d a d  (W ilson  an d  
W oo lco ck ,  I960; D av is  a n d  K r a u s s ,  1963). T h is  p a r a s i t e  w as  i m p o r t e d  
f r o m  T r i n i d a d  in  1975 an d  i s  b e ing  m a i n t a i n e d  in  the  l a b o r a t o r i e s  of 
the  D e p a r t m e n t  of  E n to m o lo g y ,  L o u i s i a n a  S ta t e  U n i v e r s i t y ,  B a to n  
R o u g e ,  fo r  the  p u r p o s e s  of  the  p r e s e n t  s tu d y .
The o b j e c t i v e s  of  th is  s tu d y  w e r e :  (1) to i n v e s t i g a t e  s o m e  
b io lo g i c a l  c h a r a c t e r i s t i c s  of the egg p a r a s i t e s ,  O. s u b m e t a l l i c u s  
a n d  T r i s s o l c u s  b a s a l i s  (W o l la s to n ) ,  (S ce l io n id ae  : H y m e n o p t e r a ) ,  
a  p a r a s i t e  th a t  i s  w id e ly  d i s t r i b u t e d  in  L o u i s i a n a  a n d  o t h e r  s o u t h e r n  
s t a t e s ;  (2) to d e t e r m i n e  the  h o s t  p r e f e r e n c e  of  the  two p a r a s i t e s  
w i th  r e g a r d  to f ive  p e n t a t o m i d  s p e c i e s ;  (3) to i n v e s t i g a t e  the b e h a ­
v i o r a l  i n t e r a c t i o n s  b e tw e e n  the  two s p e c i e s ;  a n d  (4) to e v a lu a t e  t h e i r  
e f f e c t i v e n e s s  a s  c o n t r o l  a g e n t s  of N. v i r i d u l a , bo th  in  the l a b o r a t o r y  
a n d  f ie ld .
REVIEW  O F LITER A TU R E
T a x o n o m ic  S t a tu s  of the  two P a r a s i t e s
O o e n c y r t u s  s u b m e t a l l i c u s , a h y m e n o p t e r o u s  s p e c i e s ,  w as  
f i r s t  d e s c r i b e d  a s  E n c y r t u s  s u b m e t a l l i c u s  by H o w a r d  (1898) f r o m  
s p e c i m e n s  c o l l e c t e d  in  G u an a d a ,  W e s t  In d ie s .  G ahan  (1927) p l a c e d  
the  s p e c i e s  in  the  g enus  O o e n c y r t u s . He in d i c a t e d  th a t  S y rp h a g u s  
s u b m e t a l l i c u s  ( A s h m e a d ,  1900) w as  a  sy n o n y m  fo r  O. s u b m e t a l l i c u s  
b a s e d  on an  e x a m i n a t i o n  of the type  of th is  s p e c i e s  in the B r i t i s h  
M u s e u m .  T he  s p e c i e s  h a s  s in c e  b e e n  r e c o r d e d  f r o m  the a d j a c e n t  
i s l a n d s  of  Sa in t  V in c en t ,  B a r b a d o s ,  an d  T r i n i d a d ,  a n d  is  an  endo-  
phagous  egg  p a r a s i t e  of  the  s o u t h e r n  g r e e n  s t i n k  bug ,  N e z a r a  v i r i d u l a  
(W ilson  an d  W o o lco ck ,  I960).
W o l l a s to n  (1858) d e s c r i b e d  the  egg p a r a s i t e ,  T r i s s o l c u s  
b a s a l i s , f r o m  s p e c i m e n s  c o l l e c t e d  on the  i s l a n d  of M a d e i r a .
K a m a l  (1937) s t a t e d  t h a t  T. b a s a l i s  i s  a  s o l i t a r y ,  a r r h e n o t o k o u s  
p a r a s i t e  w h ich  c o m p l e t e s  d e v e l o p m e n t  f r o m  egg  to a d u l t  in the h o s t  
egg .  The  f e a t u r e s  of  a d u l t  r e p r o d u c t i v e  b e h a v i o r  w e r e  d e s c r i b e d  
by W ilso n  (1961). T h o m a s  (1972) l i s t e d  s y n o n y m s  f o r  T.  b a s a l i s : 
A s o l c u s  b a s a l i s  (W o l la s to n ) ,  M i c r o p h a l u s  m e g a c e p h a l u s  (A s h m e a d ) ,  
T e l e n o m u s  b a s a l i s  (W o l la s to n ) ,  T e l e n o m u s  m a d e r e n s i s  (W o l la s to n ) ,
4T e le n o m u s  m e g a c e p h a l u s  ( A sh m e a d )  an d  T e le n o m u s  p ic e ip e s  (Dodd). 
T.  b a s a l i s  a n d  O. s u b m e t a l l i c u s  a s  P e n t a t o m i d  E g g  P a r a s i t e s
C u m b e r  (1964) r e p o r t e d  th a t  T. b a s a l i s  w a s  a  po lyphagous  
p a r a s i t e  know n  to  a d a p t  to the  eggs  of f ive  p e n t a t o m i d  s p e c i e s  in  
a d d i t i o n  to t h o s e  o f  N. v i r i d u l a .  T h e s e  f ive  s p e c i e s  w e r e ;
C e r m a t u l u s  n a s a l i s  (W es tw o o d ) ,  O e c h a l i a  s c h e l l e n b e r g i i  (G u e r in -  
M e n e v i l l e ) ,  D ic ty o tu s  c a e n o s u s  (W estw ood) ,  G l a u c i a s  a m y o t i  (White ) ,  
A n t e s t i a  o r b o n a  ( K i r k p a t r i c k )  an d  C u s p ic o n a  s i m p l e x  W a l k e r .  In 
a d d i t io n ,  T h o m a s  (1972) r e p o r t e d  t h a t  the  p e r c e n t a g e  of p a r a s i t i s m  
by T. b a s a l i s  w a s  m o r e  o r  l e s s  u n i fo r m  in  the  eggs  of N. v i r i d u l a  
( L . ), E u s c h i s t u s  s e r v u s  (Say),  T h y a n ta  p a l l i d o v i r e n s  (Stal) a n d  
A c r o s t e r n u m  h i l a r e  (Say).
A u s t r a l i a  w a s  the f i r s t  c o u n t r y  to i n i t i a t e  b io lo g ic a l  c o n t r o l  
a g a i n s t  N. v i r i d u l a  by  us ing  the egg p a r a s i t e ,  T. b a s a l i s , w h ic h  w a s  
i m p o r t e d  f r o m  E g y p t  i n  1933. A s  so o n  a s  T. b a s a l i s  w as  w el l  
c o l o n iz e d  in  A u s t r a l i a ,  the  i m p o r t a n c e  of  N. v i r i d u l a  a s  a p e s t  w as  
d i m i n i s h e d ,  a n d  o u t b r e a k s  w e r e  l e s s  f r e q u e n t  a n d  l e s s  s e v e r e  than  
th ey  w e r e  f o r m e r l y  (W ilson ,  1963; R a t c l i f f e ,  1965). S u b se q u e n t ly ,
T.  b a s a l i s  w a s  i n t r o d u c e d  f r o m  A u s t r a l i a  in to  New Z e a l a n d  in  1948 
( C u m b e r ,  1951), a n d  f r o m  T r i n i d a d  a n d  F l o r i d a  in to  H a w a i i  in 1961 
(D avis  a n d  K r a u s s ,  1963). T he  s u c c e s s f u l  e s t a b l i s h m e n t  of th is  
s p e c i e s  w a s  r e c o r d e d  w i th  s u b s t a n t i a l  c o n t r o l  of  th e  s o u t h e r n  g r e e n  
s t in k  bug  in  b o th  c o u n t r i e s  ( C u m b e r ,  1964; D av is  a n d  K r a u s s ,  1966).
5S i m i l a r l y ,  T .  b a s a l i s  w a s  i m p o r t e d  in to  a  n u m b e r  of o t h e r  P a c i f i c  
i s l a n d s  i n c lu d in g  T o n g a  (1941), New C a l e d o n i a  (1942), a n d  S a m o a  
(1953) w i th  e s t a b l i s h m e n t  r e c o r d e d  in  e a c h  c a s e  bu t  th e  r e s u l t s  of  
c o n t r o l  a c h i e v e d  a r e  no t  a v a i l a b l e  (D e B a c h ,  1974).
A n  i m p o r t a t i o n  of  O. s u b m e t a l l i c u s  f r o m  T r i n i d a d  w a s  m a d e  
in to  A u s t r a l i a  in  1952 (W i lso n ,  I960) ,  a n d  a l s o  in to  H a w a i i  in  1963 
(D avis  a n d  K r a u s s ,  1963), f o r  the  b i o l o g i c a l  c o n t r o l  of  N. v i r i d u l a . 
No d e t a i l e d  r e s u l t s  h a v e  b e e n  r e p o r t e d .
E f f e c t  o f  T e m p e r a t u r e  on D e v e l o p m e n t  of  P a r a s i t e s
T e m p e r a t u r e  m a y  a f f e c t  l o n g e v i t y ,  f e c u n d i ty  a n d  s p e e d  of 
d e v e l o p m e n t  of  a n  i n s e c t .  C h a p m a n  (1971) s t a t e d  t h a t  a n  i n c r e a s e  in  
t e m p e r a t u r e  g e n e r a l l y  i n c r e a s e s  th e  m e t a b o l i c  r a t e  of i n s e c t s .  He 
c o n c lu d e d  th a t  l o n g e v i t y  i s  u s u a l l y  g r e a t e s t  a t  the  l o w e s t  t e m p e r a t u r e  
a t  w h ic h  a n  i n s e c t  c a n  n o r m a l l y  f e e d ,  s i n c e  th e  b a s i c  e x p e n d i t u r e  of 
e n e r g y  i s  a t  a  m in i m u m  . In g e n e r a l ,  the  e f f e c t s  of t e m p e r a t u r e  on 
d e v e l o p m e n t  h a v e  b e e n  c l e a r l y  d e s c r i b e d  b y  B u s v i n e  (1955), B r u s t  
(1967), a n d  H a n e c  a n d  B r u s t  (1967).
S i s l i  a n d  B o s g e l m e z  (1973) r e p o r t e d  t h a t  g e n e r a t i o n  t i m e  of  
N. v i r i d u l a  w e r e  e q u a l  w h e n  i t  w a s  r e a r e d  a t  2 3 ° C  a n d  a  10 o r  18- h r  
p h o to p e r io d .  B e c k  (1966) c o n c l u d e d  t h a t  a l t h o u g h  t e m p e r a t u r e  w a s  a  
m a j o r  f a c t o r  a f f e c t i n g  the  p h o t o p e r io d i c  i n d u c t io n  o f  d i a p a u s e ,  
t e m p e r a t u r e  e x t r e m e s  m ig h t  l e a d  to  a  b y p a s s i n g  of th e  p h o t o p e r io d i c  
r e s p o n s e  s y s t e m ,  o r  t h e y  m i g h t  s h i f t  the  c r i t i c a l  d a y le n g th  to  a
6point  ly ing  o u t s i d e  t h e  r a n g e  of  p h o to p e r io d s  to w h ic h  the  i n s e c t s  
a r e  e x p o s e d .
C l a u s e n  (1962) s t a t e d  th a t  u n d e r  o p t im u m  t e m p e r a t u r e  co n d i t io n s  
fo r  O o e n c y r t u s  m a l a y e n s i s  F e r r i e r e  d e v e lo p m e n t  f r o m  egg  to ad u l t  
w as  c o m p l e t e d  in  12 to 13 days  in  eggs  of P e n t a t o m i d a e .
E f f e c t  of  F o o d  a n d  M a t i n g  on B io lo g y  of P a r a s i t e s
E n t o m o p h a g o u s  p a r a s i t e s  w e r e  r e p o r t e d  to l a y  a l l  t h e i r  eggs  
in  the  f i r s t  few  d a y s  o f  l i f e  w hen  food was  no t  p r o v id e d  bu t  a  s i m i l a r  
n u m b e r  o v e r  a  lo n g  p e r i o d  of  t i m e  w hen  a d u l t  l o n g e v i ty  w as  
p r o lo n g e d  by i n t a k e  of  food  (A h m ad ,  1936; S i m m o n d s , 1943). T h e y  
c o n c lu d e d  th a t  th e  eg g  l a y in g  c a p a c i t y  of T.  b a s a l i s  v a r i e d  w i th  the  
i n d iv id u a l ,  f e e d in g  s i r p p l y  e x t e n d e d  the  p e r i o d  of o v ip o s i t i o n ,  a n d  
tha t  the t o ta l  n u m b e r  of  p r o g e n y  w a s  not  a p p r e c i a b l y  a f f e c t e d  b y  
f e ed in g .  G a n e s a l i n g a m  (1966) r e p o r t e d  s i m i l a r  egg  l ay in g  b e h a v i o r  
bu t  n o t e d  th a t  u n fe d  f e m a l e s  o v i p o s i t e d  a t  a  r a t e  c o m p a r a b l e  to th o se  
fed  h o n e y  a n d  w a t e r .
C r o s s m a n  (1925) s t a t e d  th a t  v i r g i n  f e m a l e s  of  O o e n c y r t u s  
k u w a n a i  (H o w a rd )  d e p o s i t e d  a  m u c h  s m a l l e r  n u m b e r  of  p r o g e n y  than  
d id  t h o s e  w h ic h  w e r e  m a t e d .  M a p le  (1937) found  th a t  m a t i n g  h a d  no 
in f lu e n c e  upon  th e  o v i p o s i t i o n  a c t i v i t i e s  o f  the  f e m a l e s  of  O. j o h n s o n i  
(H ow ard ) .
H okyo  e t  a l .  (1966) r e v e a l e d  th a t  the  m e a n  l o n g e v i ty  o f  th e  
s c e l i o n i d  egg  p a r a s i t e s  of  N. v i r i d u l a ,  A s o l c u s  m i t s u k u r i i  (A s h m e a d )
a n d  T e le n o m u s  n a k a g a w a i  (W atanabe ) ,  w as  2 . 5  d a y s ,  r e g a r d l e s s  of 
s e x ,  w hen  on ly  w a t e r  w as  a v a i l a b l e .  W hen  honey  w a s  s u p p l i e d  the 
lo n g e v i ty  of p a r a s i t e s  w as  t h r e e  t i m e s  l o n g e r .  T h o m a s  (1972) 
r e p o r t e d  a  s i m i l a r  r e s u l t s  w i th  T. b a s a l i s  an d ,  in  a d d i t io n ,  n o ted  
tha t  ad u l t  l o n g e v i ty  w as  not  a f f e c t e d  in  the  p r e s e n c e  o r  a b s e n c e  of 
h o s t  e g g s .  Hokyo  e t  a l .  (1966) an d  M a t s u m o t o  (1974) r e p o r t e d  
c o n v e r s e l y  th a t  f e m a l e  l o n g e v i ty  w as  s ig n i f i c a n t ly  r e d u c e d  w hen  
o v ip o s i t io n a l  a c t i v i t y  took p la c e  in the  h o s t  eggs  w i th  th e  p r e s e n c e  
of honey.
R e p r o d u c t i v e  B e h a v i o r  of  P a r a s i t e s
M any  p a r a s i t e s  h a v e  the  a b i l i t y  to d i s c r i m i n a t e  b e tw e e n  
p a r a s i t i z e d  a n d  h e a l th y  h o s t s ,  a n d  thus  a v o id  s u p e r p a r a s i t i s m .  
C u m b e r  (1951) a n d  W i lso n  (1961) r e p o r t e d  th a t  T .  b a s a l i s  u s u a l l y  
a v o id e d  o v ip o s i t in g  in h o s t  eggs  w h ich  a r e  a l r e a d y  p a r a s i t i z e d  by 
r e c o g n i z i n g  the  m a r k i n g s  m a d e  by a  p r e v io u s  f e m a l e .  Th is  i s  in 
c o n f l ic t  w i th  N o b le  (1937), K a m a l  (1937), a n d  G a n e s a l i n g a m  (1966), 
who s t a t e d  t h a t  s e v e r a l  f e m a l e s  of T. b a s a l i s  o v i p o s i t e d  s i m u l t a ­
n e o u s ly  in  a  s in g l e  egg of  N. v i r i d u l a .
In a  few c a s e s  s u p e r p a r a s i t i s m  of  O o e n c y r tu s  k u w an a i  
took  p l a c e  in  the  eggs  of g y p s y  m o t h  ( C r o s s m a n ,  1925). C la u s e n  
(1932) r e p o r t e d  t h a t  u n d e r  f i e ld  co n d i t io n s  in  K o r e a  th e  p e r c e n t a g e  
of  p a r a s i t i z a t i o n  of L e c a n i u m  k u n o e n s i s  (Kuwana)  b y  O. in f idus  
(R o s s i )  w a s  s o  h ig h  a s  to g iv e  r i s e  to v e r y  e x t e n s iv e  s u p e r p a r a s i t i s
8W a l k e r  a n d  A n d e r s o n  (1933) o b ta in e d  a n  a v e r a g e  of  a l m o s t  t h r e e  
p a r a s i t e s  of  O. j o h n s o n i  f r o m  e a c h  egg of  M u r g a n t i a  h i s t r i o n i c a  
(Hahn),  w h i l s t  M a p le  (1937) found  th a t  the  a v e r a g e  n u m b e r  deve lop ing  
in  an  egg was  a p p r o x i m a t e l y  two.
A v a s t  m a j o r i t y  of  p a r a s i t i c  H y m e n o p te r a  r e p r o d u c e  b i p a r e n -  
t a l ly ,  bu t  u n i p a r e n t a l  r e p r o d u c t i o n  w a s  r e c o r d e d  in  one o r  m o r e  
s p e c i e s  in  e x c e s s  of  30 g e n e r a  (C la u se n ,  1940).
U n i p a r e n t a l  r e p r o d u c t i o n  of  O. s u b m e t a l l i c u s  by  th e lyo tokous  
p a r t h e n o g e n e s i s  w as  f i r s t  r e c o r d e d  in  O o e n c y r tu s  by W i lso n  and  
W o o lco ck  (I960). Two o t h e r  w e l l -k n o w n  s p e c i e s ,  O. kuw ana i  
( C r o s s m a n ,  1925) a n d  O. j o h n s o n i  (M ap le ,  1937)fa r e  a r r h e n o t o k o u s .
F l a n d e r s  (1939, 1945a) p o in ted  out tha t  i f  the s p e r m a t h e c a  in 
a r r h e n o t o k o u s  s p e c i e s  of  p a r a s i t i c  H y m e n o p t e r a  c o n ta in e d  s p e r m a ­
to zo a  it  b e c a m e  a  s e x  c h a n g e  m e c h a n i s m .  T he  s e x  of the egg was  
d e t e r m i n e d  d u r in g  o v ip o s i t i o n  a n d  the s t i m u l a t i o n  of the  s p e r m a t h e c a  
to d i s c h a r g e  s p e r m a t o z o a  in to  the o v id u c t  w a s  u s u a l l y  c a u s e d  by 
e x t e r n a l  c o n d i t i o n s .  He c o n c lu d e d  th a t  the  s e x  r a t i o  in  a r r h e n o t o k o u s  
s p e c i e s  w as  v a r i a b l e  b e c a u s e  the  a c t i o n  of the s p e r m a t h e c a  w as  
d e t e r m i n e d  by  i n c o n s t a n t  e n v i r o n m e n t a l  f a c t o r s .
F l a n d e r s  (1944, 1945b) r e p o r t e d  th a t  b i s e x u a l i t y  in  p r e d o m i ­
n a n t ly  u n i s e x u a l  H y m e n o p t e r a  w a s  d e t e r m i n e d  by  e n v i r o n m e n t a l  
f a c t o r s .  M o r e o v e r ,  h e  s t a t e d  (1944) t h a t  c e r t a i n  s p e c i e s  c o n s i s t e d  
of  g e o g r a p h i c a l  r a c e s ,  r e p r o d u c t i o n  b e in g  b i p a r e n t a l  in  one a n d
9u n i p a r e n t a l  in  the  o t h e r .
W i lso n  a n d  W o o lco ck  (1960) r e v e a l e d  th a t  the s e x  of  O. 
s u b m e t a l l i c u s  w a s  u n i p a r e n t a l l y  d e t e r m i n e d  by the  t e m p e r a t u r e s  to 
■which the  f e m a l e  w a s  e x p o s e d  d u r in g  d e v e lo p m e n t  an d  ad u l t  l i fe .  The 
u n m a t e d  f e m a l e s  g a v e  r i s e  to f e m a l e  p r o g e n y  a t  low t e m p e r a t u r e s ,  
but  p r o d u c e d  s o m e  m a l e  p r o g e n y  a s  w e l l  a t  t e m p e r a t u r e s  of  29°C  o r  
h i g h e r .  In h i s  l a t e r  e x p e r i m e n t s ,  W i l s o n  (1962) c o n c lu d e d  tha t  
t e m p e r a t u r e  r e g u l a t e d  c e r t a i n  c y to lo g ic a l  p r o c e s s e s  r e s u l t i n g  in 
s e x  d e t e r m i n a t i o n .  F o r  e x a m p l e ,  t e m p e r a t u r e s  of b e lo w  29°C 
p r o d u c e d  d ip lo id  e g g s ,  w h e r e a s  a t  2 9 ° C  a n d  above  h a p lo id  eggs  w e r e  
p r o d u c e d .
C r i t e r i a  fo r  the S u c c e s s  of B io lo g ic a l  C o n t r o l  A g e n ts
P r e v i o u s  w o r k e r s  h a v e  p r e s e n t e d  v a r i o u s  h y p o th e s e s  a s  to why 
p a r t i c u l a r  n a t u r a l  e n e m i e s  c o n t r o l l e d ,  o r  f a i l e d  to c o n t r o l ,  c e r t a i n  
h o s t s  in  p a r t i c u l a r  c o u n t r i e s  o r  i s l a n d s  ( T a y l o r ,  1955; Doutt ,  1959; 
L lo y d ,  I960;  W i l so n ,  I960;  T u r n b u l l  a n d  C h a n t ,  1961; D e B a c h ,  1962; 
B e i r n e ,  1975).
D e B a c h  (1962) a n a l y s e d  s u c c e s s e s  in b io l o g i c a l  c o n t r o l  of 
i n s e c t  p e s t s  a n d  c o n c lu d e d  tha t  the  a s p e c t s  of s u c c e s s f u l  b io lo g ic a l  
c o n t r o l  by  n a t u r a l  e n e m i e s  c o u ld  b e  c o n s i d e r e d  a s  fo l lo w s ;  (1) p a r a ­
s i t e s  a r e  b e t t e r  t h a n  p r e d a t o r s  (o r  v i c e  v e r s a ) ;  (2) m a n y  s p e c i e s  of 
e n e m i e s  a t t a c k i n g  one  h o s t  s p e c i e s  a r e  b e t t e r  t h a n  one;
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(3) m o n o p h a g o u s  e n e m i e s  a r e  b e t t e r  th an  po lyphagous  e n e m ie s  
(o r  v i c e  v e r s a ) ;  (4) egg  p a r a s i t e s  a c t i n g  a lo n e  a r e  i n e f fe c t iv e ;
(5) b io lo g ic a l  c o n t r o l  w o r k s  b e t t e r  on i s l a n d s ;  (6) s e s s i l e  h o s t s ,  
p a r t i c u l a r l y  C o c c id a e ,  a r e  m o r e  a m e n a b l e  to b io lo g ic a l  c o n t ro l  
th an  a r e  o t h e r  ty p es ;  (7) c o m p l e t e  b io lo g ic a l  c o n t r o l  fo llowing an  
i n t r o d u c t i o n  m u s t  o c c u r  r a p i d l y  o r  e l s e  w i l l  not be  c o m p le t e ;
(8) n a t u r a l  e n e m i e s  sh o u ld  c o m e  f r o m  the s a m e  h o s t  in  the c o u n t r y  
of  o r ig in ;  (9) n a t u r a l  e n e m i e s  sh o u ld  b e  i m p o r t e d  f r o m  a r e a s  
e c o lo g ic a l ly  e q u iv a le n t  to the  a r e a  of  i n t ro d u c t io n ;  an d  (10) i m m i g r a n t  
p e s t s  o f fe r  the b e s t  o p p o r tu n i t i e s  f o r  b io lo g ic a l  c o n t r o l .  Som e of 
t h e s e  h y p o t h e s e s  d e f in i t e ly  i n d i c a t e  the i n i t i a l  d i r e c t i o n  fo r  r e s e a r c h  
in v o lv ing  b r o a d  b io lo g ic a l  p r i n c i p l e s  a n d  p r o c e d u r e s  on new 
p r o j e c t s .
W i lso n  (I960) s t a t e d  t h a t  upon  r e f l e c t i o n ,  a l th o u g h  t h e r e  a r e  
m a n y  e x a m p l e s  of  s u c c e s s f u l  b i o l o g i c a l  c o n t r o l  i n  th e  w o r l d ,  an  
a d e q u a te  e x p la n a t io n  c o u ld  not  be  g iven  a s  to  w hy  t h e s e  p a r t i c u l a r  
e x a m p l e s  w e r e  s u c c e s s f u l .
D e B a c h  e t  a l .  (1950) s u g g e s t e d  th a t  a  f u n d a m e n t a l  a s p e c t  of 
b io lo g ic a l  c o n t r o l  i s  the  e v a lu a t io n  of e f f e c t s  of  e n to m o p h a g o u s  
s p e c i e s  on o t h e r  p a r a s i t i c  s p e c i e s  a l r e a d y  c o l o n i z e d  o r  new ly  
i m p o r t e d .  F y e  a n d  L a r s o n  (1969) c o n c lu d e d  th a t  p r e l i m i n a r y  t e s t s  
a r e  r e q u i r e d  to d e t e r m i n e  the  b i o l o g i c a l  c h a r a c t e r i s t i c s  a n d  the
f e a s i b i l i t y  of  c e r t a i n  n e c e s s a r y  m a n i p u l a t i o n s ,  b e f o r e  a  b io lo g ic a l  
a g e n t  can  b e  r e l e a s e d  a s  a  p o p u la t ion  r e g u l a t o r .
M A T E R IA L S  AND METHODS
LA B O R A T O R Y  STUDIES
S o u r c e  a n d  M a in t e n a n c e  of  P a r a s i t e  C u l tu r e
The p a r a s i t i c  s p e c i e s  of N e z a r a  v i r i d u l a  eggs  u s e d  in  tht; 
p r e s e n t  s tu d i e s  w e r e  m a i n t a i n e d  in  the  l a b o r a t o r y  of the  D e p a r t m e n t  
of  E n to m o lo g y ,  L o u i s i a n a  S ta te  U n i v e r s i t y ,  B a to n  R o u g e ,  L o u i s i a n a .  
A c o lo n y  of  O o e n c y r t u s  s u b m e t a l l i c u s  w as  i m p o r t e d  f r o m  T r i n i d a d  
in 1975. The  o t h e r  p a r a s i t i c  s p e c i e s ,  T r i s s o l c u s  b a s a l i s , was  
o b t a in e d  f r o m  f i e l d - c o l l e c t e d  p a r a s i t i z e d  eggs  of the s o u t h e r n  g r e e n  
s t in k  bug f r o m  s o y b e a n  f i e ld s  n e a r  K r o t z  S p r i n g s ,  L o u i s i a n a .
E g g s  of N. v i r i d u l a  s e r v e d  a s  h o s t s  fo r  p a r a s i t e s .  G la s s  
a q u a r i a  m e a s u r i n g  55 X 30 X 28 c m  w e r e  u s e d  to r e a r  the  s t in k  
bugs  fo r  p r o d u c t io n  of e g g s .  T h e  tops  of the c a g e s  w e r e  c o v e r e d  
w i th  50 m e s h  c h e e s e c l o t h .  F o l d e d  in d e x  c a r d s  w e r e  p l a c e d  on the 
f lo o r  of the c a g e  to p r o v id e  o v ip o s i t i o n  s i t e s  w h ic h  a l l o w e d  fo r  e a s y  
r e m o v a l  of  the  egg  m a s s e s .  An a v e i d g e  p o p u la t io n  of 300 s t in k  
b u g s ,  w i th  a  1:1 s e x  r a t i o ,  w a s  m a i n t a i n e d  in  e a c h  of  the  10 o v i p o s i ­
t io n  c a g e s .
T h e  s o u t h e r n  g r e e n  s t i n k  b ugs  w e r e  r e a r e d  on s n a p  b e a n
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(P h a s e o l u s  v u l g a r i s  L in n a e u s )  a n d / o r  c o r n  (Z e a  m a y s  L in n a e u s ) .
The  food  s o u r c e  w a s  r e p l a c e d  e v e r y  5 to 7 days  depend ing  on i t s  
i n i t i a l  q u a l i ty .  E g g  m a s s e s  w e r e  c o l l e c t e d  d a i ly .  The n u m b e r  of 
e g g s / m a s s  r a n g e d  f r o m  50 to  100. E g g  m a s s e s  l e s s  th an  2 4 - h r  old 
w e r e  s t o r e d  a t  4 ° C .  T h e  eggs  w e r e  k i l l e d  a t  th i s  t e m p e r a t u r e  but  
the  egg c o n te n t s  r e m a i n e d  in  a  l i q u id  s t a g e  fo r  f ive  m o n t h s .  As 
long  as  the egg c o n te n t s  w e r e  in  a  l iq u id  s t a g e ,  they  s e r v e d  a s  
s u i t a b l e  h o s t s  f o r  p a r a s i t e s  (W ilson ,  I960).
A d u l t s  of e a c h  p a r a s i t e  s p e c i e s  w e r e  h e ld  in  3. 7 l i t e r  i c e  
c r e a m  c a r t o n s .  T he  c a r t o n s  w e r e  c o v e r e d  w i th  p la s t i c  s h e e t s  of the 
type  u s e d  in  m a k i n g  p l a s t i c  b a g s .
U s in g  s c o t c h  tap e  (Scotch ®  M ag ic  T r a n s p a r e n t  T a p e  No.  810), 
egg m a s s e s  w e r e  a t t a c h e d  to 2. 5 X 15 c m  c a r d b o a r d  s t r i p s  w h ic h  
w e r e  cu t  f r o m  i n d e x  c a r d s .  T e n  egg  m a s s e s  (ca  600 eg g s )  w e r e  
p l a c e d  on bo th  s i d e s  of e a c h  s t r i p  w i th  a  s p a c e  o f  2. 5 c m  b e tw e e n  
egg m a s s e s .  F o u r  s u c h  s t r i p s  w e r e  p l a c e d  i n s i d e  a  c a r t o n  hold ing  
ca  80 a d u l t  p a r a s i t e s .  The i n s i d e  of th e  c a r t o n  w as  s t r e a k e d  w i th  
h o n ey  w h ich  s e r v e d  a s  food f o r  a d u l t  p a r a s i t e s .  H o s t  m a t e r i a l  
p r e p a r e d  in  th i s  w a y  p r o v e d  to b e  c o n v e n ie n t  to u s e  in v a r i o u s  s tu d i e s  
u n d e r t a k e n .  The c a r t o n s  w e r e  h e l d  a t  25±1°C w i th  a  d a i ly  p h o to p e r io d  
of 14- h r  l i g h t : 1 0 - h r  d a r k  (14L:10D).
D e v e l o p m e n t a l  P e r i o d  of P a r a s i t e s
T h is  e x p e r i m e n t  w a s  done  to  d e t e r m i n e  the d u r a t i o n  of  the
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d e v e l o p m e n t a l  p e r i o d  f r o m  o v ip o s i t io n  to e m e r g e n c e  of  O. 
s u b m e t a l l i c u s  a n d  T.  b a s a l i s  a t  t e m p e r a t u r e s  of 21, 25 ,  a n d  2 9 ° C ,  
a n d  a  d a i ly  p h o to p e r io d  o f  14L:10D.
T h i r t y  a d u l t  p a r a s i t e s ,  m o r e  th a n  tw o - d a y  o ld ,  w e r e  h e ld  in 
0 . 9 3  l i t e r  i c e  c r e a m  c a r t o n s  c o v e r e d  w i th  p l a s t i c  s h e e t s  fo r  the 
p u r p o s e  of  p a r a s i t i z i n g  h o s t  m a t e r i a l .  A c a r d b o a r d  s t r i p  ho ld ing  
f o u r  egg m a s s e s  of  N. v i r i d u l a  w a s  p l a c e d  in  e a c h  c a r t o n .  E a c h  
egg  m a s s  c o n t a i n e d  ca  60 e g g s .  F o l lo w in g  a  t h r e e - d a y  e x p o s u r e  
u n d e r  e a c h  of t h r e e  d i f f e r e n t  t e m p e r a t u r e s ,  the  p a r a s i t e s  w e r e  
r e m o v e d  f r o m  the  c a r t o n s .
A d a i ly  r e c o r d  o f  a d u l t  e m e r g e n c e  f r o m  h o s t  eggs  w as  k ep t  a n d  
the  a d u l t s  w e r e  s e x e d .  T h e s e  co u n ts  w e r e  c o n v e r t e d  in to  p e r c e n t a g e  
of  to ta l  ad u l t  e m e r g e n c e .
The t e s t  d e s c r i b e d  ab o v e  w a s  r e p e a t e d  t h r e e  t i m e s .
S u r v iv a l  a n d  S u p e r p a r a s i t i s m
T h is  t e s t  w a s  c o n d u c te d  to d e t e r m i n e  the p o s s i b l e  co n t in u a t io n  
of  s u c c e s s i v e  g e n e r a t i o n s  a t  t e m p e r a t u r e s  of 21, 25 an d  2 9 ° C  w i th  
two p h o to p e r io d s  of  14L»:10D a n d  10L:14D a t  e a c h  of t h e s e  t e m p e r a ­
t u r e s .  P o s s i b l e  s u p e r p a r a s i t i s m  w a s  a l s o  o b s e r v e d .
The  p r o c e d u r e  of  con f in in g  the  p a r a s i t e s  a n d  p a r a s i t i z i n g  the 
h o s t  eggs  w a s  th e  s a m e  a s  d e s c r i b e d  in  the  p r e v i o u s  s e c t i o n .
A p p r o x i m a t e l y  300 a d u l t  p a r a s i t e s  of  e a c h  s p e c i e s  of  e a c h  
g e n e r a t i o n  w e r e  m a i n t a i n e d  a s  a  s t o c k  c u l t u r e  in  the  c a r t o n s  to
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c a r r y  out  th is  t e s t .  T h i r t y  a d u l t  p a r a s i t e s  out of  the s to c k  c u l t u r e  
in  e a c h  g e n e r a t i o n  w e r e  u s e d  f o r  p a r a s i t i z i n g  h o s t  e g g s .
The  n u m b e r  of p a r a s i t i z e d  h o s t  e g g s ,  the  n u m b e r  of e m e r g e n c e  
h o le s  a n d  the  n u m b e r  of  e m e r g e d  a d u l t s  w e r e  c o u n te d  s o o n  a f t e r  
c o m p l e t i o n  of  p a r a s i t e  e m e r g e n c e  f r o m  the h o s t  e g g s .  The  s u r v i v a l  . 
w as  c o n v e r t e d  in to  a  p e r c e n t a g e  of  t h e  to ta l  p a r a s i t i z e d  e g g s .  Th is  
in c lu d e d  b o th  the c o m p l e t e l y  d e v e lo p e d  p a r a s i t e s  a n d  p a r t i a l l y  
d e v e lo p e d  p a r a s i t e s  in  e g g s .
The  o b s e r v a t i o n  of s u p e r p a r a s i t i s m  w a s  m a d e  a f t e r  
c o m p l e t i o n  of e m e r g e n c e .  T he  co u n ts  i n c l u d e d  th e  n u m b e r  of 
e m e r g e n c e  h o le s  a n d  the  n u m b e r  of e m e r g e d  a d u l t  p a r a s i t e s .
The  t e s t  d e s c r i b e d  ab o v e  w as  c o n t in u e d  f o r  f ive  s u c c e s s i v e  
g e n e r a t i o n s .
E f f e c t  of P r e s e n c e  a n d  A b s e n c e  o f  F o o d  a n d  H o s t  E g g s  
on L o n g e v i ty  of A d u l t  P a r a s i t e s
Th is  e x p e r i m e n t  w a s  c o n d u c te d  to d e t e r m i n e  the  e f f e c t  on 
lo n g e v i ty  of a d u l t  p a r a s i t e s  w hen  th e  a v a i l a b i l i t y  of  food a n d  h o s t  
w e r e  m a i n t a i n e d  u n d e r  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s .
The  fo u r  t r e a t m e n t s  u s e d  w e r e  a s  fo l lo w s :  (1) a b s e n c e  of 
h o n e y  a n d  h o s t  e g g s ;  (2) h o s t  eggs  w i th o u t  honey ;  (3) h o n ey  
w i th o u t  h o s t  e g g s ;  a n d  (4) p r e s e n c e  o f  h o n e y  a n d  h o s t  e g g s .  F o r  
t h e s e  t r e a t m e n t  c o m b i n a t i o n s ,  5 X 1. 3 c m  p l a s t i c  p e t r i  d i s h e s  
w e r e  p r e p a r e d .  F iv e  f r e s h l y  e m e r g e d  a d u l t  p a r a s i t e s  m o r e  th a n
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o n e - h r  o ld  w e r e  p l a c e d  in to  e a c h  d i s h .  M a le s  a n d  f e m a l e s  w e r e  
t e s t e d  s e p a r a t e l y .
In t r e a t m e n t s  2 a n d  4,  a s in g l e  o n e - d a y  o ld  egg  m a s s  of 
N. v i r i d u l a  w a s  p l a c e d  in  e a c h  d i sh .  T h e  m a s s  w a s  r e p l a c e d  da i ly  
w i th  a f r e s h  one .  T h is  p r o c e s s  w a s  c o n t in u e d  un t i l  the d ea th  of a l l  
5 ad u l t  p a r a s i t e s .  A l l  of  the t e s t  p a r a s i t e s  w e r e  h e l d  a t  ?5+ l°C  
a n d  14L:10D p h o to p h a se  w i th  a  50+5% r e l a t i v e  h u m id i ty .  The w hole  
t e s t  w as  r e p l i c a t e d  f ive  t i m e s .
G e n e t ic  S t r a i n s
Thi- e x p e r i m e n t  w a s  c a r r i e d  out  to d e t e r m i n e  i f  O. 
s u b m e t a l l i c u s  r e p r o d u c e d  by  th e ly o to k o u s  p a r t h e n o g e n e s i s  (W ilson  
a n d  W o o lco ck ,  I960;  W i l so n ,  1962). E a c h  s in g l e  p a r e n t  f e m a l e  
w h ich  h a d  e m e r g e d  f r o m  in d iv id u a l ly  i s o l a t e d  h o s t  eggs  w as  c o n f in ed  
in  a  5 X 1. 3 c m  p l a s t i c  d i s h  w i th  h o n ey .  T h is  e x c lu d e d  an y  p o s s i b i l i t y  
of f e m a l e s  b e in g  m a t e d .  A n egg m a s s  (ca  60 eg g s )  of  the  s o u t h e r n  
g r e e n  s t i n k  bug w a s  p l a c e d  in  e a c h  of the  p l a s t i c  d i s h e s  a n d  e x p o s e d  
to a n  u n m a te d  f e m a l e .  A f t e r  the  7 2 - h r  e x p o s u r e  p e r i o d  the  f e m a l e  
w as  r e m o v e d  f r o m  e a c h  of  th e  p l a s t i c  d i s h e s .  T he  e m e r g e n c e  of 
p a r a s i t e s  r e q u i r e d  17 to  31 days  d ep e n d in g  upon  t e m p e r a t u r e s .
The  t e s t  w a s  c o n d u c te d  a t  t e m p e r a t u r e s  of  21, 25 a n d  29 °C  
w i th  14L:10D a n d  50+10% r e l a t i v e  h u m i d i t y .
The  e x p e r i m e n t  d e s c r i b e d  a b o v e  w a s  r e p l i c a t e d  te n  t i m e s .
S p e c i m e n s  s e n t  to the  B r i t i s h  M u s e u m  ( N a t u r a l  H i s to ry )  
w e r e  i d e n t i f i e d  b y  J .  S. N oyes  (1978).
S ex  R a t io
A l l  the  p r o c e d u r e s  u s e d  i n  th e  p r e s e n t  t e s t  w e r e  the  s a m e  a s  
d e s c r i b e d  a b o v e ,  e x c e p t  th a t  a  m a l e  p a r a s i t e  w a s  i n t r o d u c e d  in to  
e a c h  of the p l a s t i c  d i s h e s  c o n ta in in g  a n  u n m a t e d  f e m a l e .  Fo l low ing  
a  2 4 - h r  ho ld ing  p e r i o d  fo r  m a t i n g ,  the  f e m a l e  w a s  e x p o s e d  to an  
egg m a s s .
This  t e s t  w a s  c o n t in u e d  f o r  n in e  s u c c e s s i v e  g e n e r a t i o n s .
H o s t  P r e f e r e n c e
The h o s t  p r e f e r e n c e  of O. s u b m e t a l l i c u s  a n d  T.  b a s a l i s  f o r  
the  eggs  of 5 p h y to p h ag o u s  p e n t a t o m i d  s p e c i e s  w as  e v a l u a t e d  in  the  
l a b o r a t o r y .  The  s p e c i e s  u t i l i z e d  w e r e  N. v i r i d u l a  (L. ), 
A c r o s t e r n u m  h i l a r e  (Say),  E u s c h i s t u s  s e r v u s  (Say),  E d e s s a  b i f id a  
(Say) an d  T h y a n ta  p a l l i d o v i r e n s  (Sta l) .
A d u l t  s t in k  b ugs  of the  s p e c i e s  t e s t e d  w e r e  c o l l e c t e d  f r o m  
v a r i o u s  lo c a t io n s  in L o u i s i a n a ,  a n d  w e r e  c o n f in e d  in 3 . 7  l i t e r  i c e  
c r e a m  c a r t o n s .  A p p r o x i m a t e l y  30 s t i n k  b ugs  w e r e  p l a c e d  in  e a c h  
c a r t o n  w h ic h  w a s  c l o s e d  w i th  50 m e s h  c h e e s e c l o t h .  G r e e n  snap  
b e a n s  a n d / o r  c o r n  w e r e  u s e d  a s  a  food s o u r c e .  F o l d e d  in d e x  c a r d s  
p l a c e d  in  c a r t o n s  p r o v i d e d  o v ip o s i t i o n  s i t e s .
E g g  m a s s e s  w e r e  c o l l e c t e d  d a i ly .  By s u b t r a c t i n g  o r  a d d in g
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eggs  to a n  egg m a s s ,  the  n u m b e r  of eggs  p e r  m a s s  w a s  b ro u g h t  
b e tw e e n  4 0 - 5 0 .
T w e n ty  egg m a s s e s  f r o m  5 s p e c i e s  (4 m a s s e s / s p e c i e s )  
w e r e  a t t a c h e d  r a n d o m l y  to  fo u r  ho ld ing  s t r i p s .  N e x t ,  50 tw o -d a y  
o ld  p a r a s i t e s  w e r e  t r a n s f e r r e d  in to  a  c a r t o n  in  w h ich  the  h o s t  
ho ld ing  s t r i p s  h a d  b e e n  p la c e d .  F o l lo w in g  a n  e x p o s u r e  of 4 8 - h r ,  the 
p a r a s i t e s  w e r e  r e m o v e d  f r o m  the  c a r t o n .  T h is  e x p e r i m e n t  w a s  
c a r r i e d  ou t  a t  25±1°C a n d  a  p h o t o p e r io d  of 14L:10D.
The  n u m b e r  of  p a r a s i t e s  t h a t  e m e r g e d  f r o m  e a c h  egg m a s s  
w a s  d e t e r m i n e d  by  coun t ing  the  e m e r g e n c e  h o le s  d u r in g  22 days  
a f t e r  o v ip o s i t io n .  The  co u n ts  w e r e  c o n v e r t e d  to a  p e r c e n t a g e  of the 
to ta l  n u m b e r  of eg g s  p a r a s i t i z e d .
T he  t e s t  was r e p e a t e d  f o u r  t i m e s .
C o m p e t i t i v e  I n t e r a c t i o n
T h is  e x p e r i m e n t  w a s  u n d e r t a k e n  to i n v e s t i g a t e  the p o s s i b l e  
b e h a v i o r a l  i n t e r a c t i o n  b e t w e e n  O. s u b m e t a l l i c u s  a n d  T. b a s a l i s . 
T h r e e  c o m b i n a t i o n s  of the  two p a r a s i t i c  s p e c i e s  w e r e  t e s t e d .  T h e s e  
w e r e :  (1) e q u a l  n u m b e r s  of O. s u b m e t a l l i c u s  a n d  T. b a s a l i s ;
(2) a l t e r n a t e d  O. s u b m e t a l l i c u s  a n d  T. b a s a l i s  a t  2 4 - h r  i n t e r v a l s ;  
a n d  (3) the  r e v e r s e  o f  (2).
T w o - d a y  o ld  f e m a l e  p a r a s i t e s  w e r e  co n f in e d  p e r  0 . 9 3  l i t e r  i c e  
c r e a m  c a r t o n  f o r  e a c h  t r e a t m e n t  c o m b i n a t i o n .  In t r e a t m e n t  o n e ,
five ind iv idua ls  o f each  of the two p a ra s i t ic  sp e c ie s  w e re  confined,
w h e re a s  in  t r e a tm e n t  2 and  3, ten  p e r  sp e c ie s  w e re  u sed .
T h r e e  egg m a s s e s  of  N. v i r i d u l a  w e r e  f ix e d  to e a c h  holding 
s t r i p .  E a c h  egg m a s s  w as  l e s s  than  2 4 - h r  o ld  a n d  c o n ta in e d  
c a  80 e g g s .  The  s t r i p s  w e r e  p l a c e d  in to  a  c a r t o n  ho ld ing  adu l t  
p a r a s i t e s  f o r  a  p e r i o d  of s ix  d a y s .  The e x p o s e d  egg m a s s e s  w e r e  
t r a n s f e r r e d  to a n o t h e r  c a r t o n .
The  e x p e r i m e n t  w as  c a r r i e d  out a t  a  t e m p e r a t u r e  of 25+l°C 
a n d  a  p h o to p e r io d  of 14L:10D. The ad u l t  p a r a s i t e s  t h a t  e m e r g e d  
f r o m  the  egg  m a s s e s  w e r e  s o r t e d  in to  O. s u b m e t a l l i c u s  a n d  
T. b a s a l i s , a n d  c o u n te d  u n d e r  a  b i n o c u l a r  d i s s e c t i n g  m i c r o s c o p e .  
T h e s e  coun ts  w e r e  c o n v e r t e d  to p e r c e n t a g e  of  th e  to t a l  n u m b e r  of 
p a r a s i t i z e d  e g g s .
The t e s t  d e s c r i b e d  ab o v e  w as  r e p l i c a t e d  f o u r  t i m e s .
F I E L D  EV A LU A T IO N
P r e l i m i n a r y  e v a lu a t io n  of th e  two p a r a s i t i c  s p e c i e s  fo r  
c o n t r o l  of N. v i r i d u l a  w as  c o n d u c te d  in  a n  e f f o r t  to d e t e r m i n e :
(1) the  e f f e c t i v e n e s s  of  p a r a s i t i s m  in  the  f i e ld ,  a n d  (2) the 
b e h a v i o r  of  the  p a r a s i t e s  w i th  r e g a r d  to d i s p e r s i o n  a n d  s e a r c h i n g  
a b i l i t y .
F i e l d  e x p e r i m e n t s  w e r e  c a r r i e d  ou t  on t h e  L o u i s i a n a  S ta te
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U n iv e rs i ty ,  St. G a b r ie l  B ra n c h  E x p e r im e n ta l  S ta tion . A soybean
f ie ld  of ca 5 ha  w as u se d  a s  the e x p e r im e n ta l  s i t e .
The c o m b in a t io n s  of  r e l e a s e s  w i th  the two s p e c i e s  w e r e :
(1) O. s u b m e t a l l i c u s ; (2) T.  b a s a l i s ; (3) c o m b i n e d  O. s u b m e t a l l i c u s  
a n d  T.  b a s a l i s ;  a n d  (4) c o n t r o l .
A p a t t e r n  w a s  m a r k e d  off  in  the  f i e ld  a t  e a c h  r e l e a s e  point 
w i th  r a d i a t i n g  a r m s  e x te n d in g  in  the  fo u r  c a r d i n a l  d i r e c t i o n s .  The 
e x t e n s io n  of  the r a d i a t i n g  a r m  w a s  d e s i g n a t e d  in  two w a y s .
(1) To c o m p a r e  the  e f f e c t i v e n e s s  of the p a r a s i t i c  s p e c i e s  
in  1977, e a c h  a r m  w a s  d e s i g n a t e d  by 5 s t a t i o n s  l o c a t e d  
a t  1, 3,  6,  9 a n d  12 m ,  r e s p e c t i v e l y ,  f r o m  the c e n t r a l  
po in t .  The  t o ta l  a r e a  d e v o te d  to the  e x p e r i m e n t  w as  
576 m  . One egg  m a s s  of  N. v i r i d u l a , l e s s  than  3 - d a y  
o ld ,  w a s  p l a c e d  a t  e a c h  s t a t i o n .
(2) To d e t e r m i n e  the  d i s p e r s i o n  a n d  s e a r c h i n g  a b i l i t y  of
b o th  s p e c i e s  in  1978, egg  m a s s e s  w e r e  p l a c e d  a t  5
s t a t i o n s  l o c a t e d  a t  1, 5,  10, 15 a n d  20 m ,  r e s p e c t i v e l y ,
f r o m  the  r e l e a s e  po in t  t o w a r d  e a c h  of  the  c a r d i n a l  po in ts
of  c a m p u s .  T h e  t o t a l  a r e a  d e v o te d  to th e  e x p e r i m e n t  
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w a s  1600 m  . T h r e e  egg  m a s s e s  of  N.  v i r i d u l a . l e s s  th an  
3 - d a y  o ld ,  w e r e  p l a c e d  a t  e a c h  s t a t i o n  in  th e  f i e ld  
p a t t e r n .
( p v
M a s k in g  t a p e  (S co tc h  D r a f t i n g  T a p e  No.  230) 2. 5 c m  w ide
w a s  cut  in to  p e i c e s  6 c m  long .  H o s t  egg m a s s e s  (ca  50 to 80 e g g s /  
m a s s )  t h a t  h a d  b e e n  l a i d  on  in d e x  c a r d s  w e r e  u s e d .  T he  p o r t io n  of 
the i n d e x  c a r d  w i th  the egg  m a s s  w as  cu t  out a n d  p l a c e d  on the 
a d h e s i v e  s u r f a c e  of the  m a s k i n g  t a p e .  A s e c t i o n  of the  t a p e  to w h ich  
a n  egg  m a s s  h a d  b e e n  a t t a c h e d  was  s t a p l e d  to the u p p e r  s u r f a c e  of 
in d iv id u a l  s o y b e a n  l e a v e s  s e l e c t e d  r a n d o m l y  a t  e a c h  s t a t i o n .  An egg 
m a s s  a f f ix e d  in t h i s  m a n n e r  w as  s u r r o u n d e d  by  s o m e  p o r t i o n  of  the 
s t i c k y  p a r t  of the t a p e .  T h is  h e lp e d  in  p r e v e n t in g  the  p r e d a t o r s  ( i . e .  , 
a n t s )  f r o m  r e a c h i n g  the  e g g s .  The  n u m b e r  of p a r a s i t e s  r e l e a s e d  
p e r  t r e a t m e n t s  1 a n d  2 w as  ca  1 0 ,0 0 0 ,  w h i le  in  t r e a t m e n t  3, 5 ,0 0 0  
p a r a s i t e s  of e a c h  of  the  2 s p e c i e s  w e r e  r e l e a s e d .  F o l lo w in g  p l a c e ­
m e n t  of  the  egg m a s s e s ,  the p a r a s i t e s  w e r e  r e l e a s e d  f r o m  th e  c e n t r a l  
point  of the e x p e r i m e n t a l  a r e a .  T h r e e  days  a f t e r  the  p a r a s i t e s  h a d  
b e e n  r e l e a s e d ,  t h e  egg m a s s e s  w e r e  c o l l e c t e d  f r o m  the  l e a v e s ,  
r e t u r n e d  to the l a b o r a t o r y  a n d  w e r e  p l a c e d  a t  25+ l°C  a n d  a  l ig h t  
r e g i m e  of 14L:10D. F o l lo w in g  a  2 2 -d a y  ho ld in g  p e r i o d ,  the  n u m b e r  
of egg m a s s e s  th a t  w e r e  p a r a s i t i z e d  w i th  O. s u b m e t a l l i c u s  o r  T. 
b a s a l i s  w a s  d e t e r m i n e d  by  coun t ing  e i t h e r  the  a d u l t s  o r  th e  e m e r g e n c e  
h o l e s .  E m e r g e n c e  h o le s  of  T. b a s a l i s  w e r e  r o u n d  w i th  s m o o t h  e d g e s ;  
t h o s e  of  O. s u b m e t a l l i c u s  w e r e  ova l  w i th  j a g g e d  e d g e s .
T he  e x p e r i m e n t  w as  a r r a n g e d  in  a  c o m p l e t e l y  r a n d o m i z e d  
b lo c k  d e s ig n .  T h e  t e s t  p r o c e d u r e  d e s c r i b e d  a b o v e  w a s  c o n d u c te d  
t h r e e  t i m e s  e a c h  in  1977 a n d  1978 d u r in g  the s o y b e a n  g r o w in g  s e a s o n .
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In c o n s i d e r i n g  p a r a s i t i s m ,  a l l o w a n c e  w as  m a d e  fo r  n a t u r a l  
p a r a s i t i z a t i o n  by  T. b a s a l i s  w h ich  i s  e n d e m ic  in  L o u i s i a n a .  T h e r e ­
f o r e ,  the  p e r c e n t  f i g u r e s  f o r  p a r a s i t i s m  w e r e  c o r r e c t e d  by  m odify ing  
A b b o t t ' s  f o r m u l a  (Abbott,  1925) as  fo l low s :
C o r r e c t e d  % p a r a s i t i s m  by  T.  b a s a l i s  = 0 - n X 100
“  100-n
w h e r e  0 = % o b s e r v e d  p a r a s i t i s m
n = % n a t u r a l  p a r a s i t i s m
R E S U L T S  AND DISCUSSION 
L A B O R A TO R Y  STU DIES
D e v e lo p m e n ta l  P e r i o d
The d e v e l o p m e n t a l  p e r i o d s  f r o m  o v ip o s i t i o n  to e m e r g e n c e  of 
the two p a r a s i t e  s p e c i e s  a r e  p r e s e n t e d  in  T a b le s  I a n d  II, an d  
F i g u r e  1. The d e t a i l e d  d a ta  a r e  g iven  in A p p e n d ix  T a b le s  1 a n d  3. 
The d e v e l o p m e n t a l  p e r i o d  w a s  s h o r t e r  a t  h ig h  t e m p e r a t u r e s  than  a t  
low t e m p e r a t u r e s .  A n a l y s e s  of  v a r i a n c e  fo r  t h e s e  d a t a  i n d i c a t e  a 
h ig h ly  s ig n i f i c a n t  d i f f e r e n c e  ( P ^  0 .01) ,  in  d e v e l o p m e n t a l  p e r i o d s  
due to t e m p e r a t u r e s  (Appendix  T a b le s  2 a n d  4).
The  m e a n  d e v e l o p m e n t a l  p e r i o d  o f  the  m a l e s  of  T r i s s o l c u s  
b a s a l i s  w a s  ca  2 a n d  8 days  l o n g e r  a t  25 an d  21°C, r e s p e c t i v e l y ,  
than  w hen  r e a r e d  a t  2 9 ° C .  H o w e v e r ,  the  f e m a l e s  r e q u i r e d  ca  3 
a d d i t i o n a l  d a y s  a t  2 5 ° C  a n d  11 a d d i t i o n a l  d a y s  a t  2 1 °C  w h en  
c o m p a r e d  w i th  the  d e v e l o p m e n t a l  p e r i o d  a t  29°C ;  the  d e v e l o p ­
m e n t a l  p e r i o d  a t  2 1 °C  w a s  tw ic e  th a t  a t  2 9 ° C .
T a b le  I a n d  F i g u r e  1 s h o w  th a t  the  m e a n  d e v e l o p m e n t a l  
p e r i o d  of  T .  b a s a l i s  w as  s h o r t e r  f o r  m a l e s  t h a n  t h a t  f o r  f e m a l e s .  
M a le s  b e g a n  e m e r g e n c e  one  to f o u r  d a y s  b e f o r e  f e m a l e s  d ep en d in g
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T a b le  I. D e v e l o p m e n t a l  p e r i o d  f r o m  o v ip o s i t io n  to e m e r g e n c e  
of T.  b a s a l i s  in  t h r e e  s u c c e s s i v e  g e n e r a t i o n s  a t  
d i f f e r e n t  t e m p e r a t u r e s  a n d  14L:10D.
T e m p e r a t u r e
(°C)
Sex
No.  t e s t  
i n s e c t s
D ays  f r o m  egg to adul t  
a /
M ea n -  R ange
21 M a le 214 1 8 . 7 + 0 . 8 7 17 - 21
F e m a l e 401 2 1 . 6 + 1 . 1 1 19 - 25
25 M a le 224 12 .6  + 0. 90 11 - 15
F e m a l e 434 1 3 .5  + 0 . 9 5 12 - 16
29 M a le 235 1 0 .4  ± 0 . 9 5 9 - 1 2
F e m a l e 397 1 0 .9  + 0.  74 10 - 14
a /  M e a n  a n d  s t a n d a r d  d e v ia t i o n .  D e ta i l e d  d a ta  a n d  s t a t i s t i c a l  
a n a l y s i s  a r e  g iv en  in A p p e n d ix  T a b le s  1 a n d  2.
upon the  t e m p e r a t u r e  c o n d i t i o n s .  The p r o p o r t i o n  of f e m a l e s  
e m e r g i n g  g r a d u a l l y  i n c r e a s e d  t h e r e a f t e r .  A t  21°C, m o s t  of the 
m a l e s  e m e r g e d  b e f o r e  the  f e m a l e s  ( F i g u r e  1).
W i l so n  (1961) r e p o r t e d  th a t  the  d e v e l o p m e n t a l  p e r i o d  of 
T r i s s o l c u s  b a s a l i s  a t  2 5 °C  w as  s i m i l a r  to the  p r e s e n t  r e s u l t s .  The 
m a j o r i t y  of the  m a l e  p a r a s i t e s  e m e r g e d  f r o m  the  h o s t  eggs  s e v e r a l  
d a y s  b e f o r e  the  f e m a l e s  a n d  th e y  r e m a i n e d  w i th  the  egg m a s s e s  f o r  
m a t i n g  u n t i l  a l l  the  f e m a l e s  h a d  d i s p e r s e d  (N ob le ,  1937; C u m b e r ,  
1951).
T a b le  II sh o w s  the  m e a n  d e v e l o p m e n t a l  p e r i o d  of  O o e n c y r tu s  
s u b m e t a l l i c u s .  U n l ike  T.  b a s a l i s ,  m a l e s  of  O. s u b m e t a l l i c u s
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T a b le  II. D e v e l o p m e n t a l  p e r i o d  f r o m  o v ip o s i t io n  to e m e r g e n c e  
of  O. s u b m e t a l l i c u s  in  t h r e e  s u c c e s s i v e  g e n e r a t i o n s  
a t  d i f f e r e n t  t e m p e r a t u r e s  an d  14L:10D.
T e m p e r a t u r e
(°C) Sex
No. t e s t  
i n s e c t s
D ays  f r o m  egg to adu l t  
M e a n —^  R an g e
21 M ale 70 2 6 . 6  + 1. 50 24 - 30
F e m a l e 408 2 6 . 6  + 1 .67 23 - 30
25 M ale 68 1 6 .9  ± 1. 10 15 - 20
F e m a l e 354 1 6 .7  ± 0. 97 14 - 21
29 M a le 90 13 .8  ± 1. 11 12 - 17
F e m a l e 357 1 3 .7  + 0 .9 7 11 - 17
a /  M e a n  a n d  s t a n d a r d  d e v ia t io n .  D e t a i l e d  d a ta  an d  s t a t i s t i c a l  
a n a l y s i s  a r e  g iven  in  A p p e n d ix  T a b le s  3 a n d  4.
u s u a l ly  b e g a n  e m e r g e n c e  l a t e r  than  the f e m a l e s ,  but  t h e i r  
e m e r g e n c e  w as  c o m p l e t e d  b e f o r e  a l l  the  f e m a l e s  h a d  e m e r g e d .  Th is  
w as  t r u e  a t  a l l  the  t e m p e r a t u r e s  ( F i g u r e  1). Both  s e x e s  of O. 
s u b m e t a l l i c u s  r e a r e d  a t  t e m p e r a t u r e s  of 21, 25 a n d  29°C r e q u i r e d  
a v e r a g e s  of  ca  27 ,  17 a n d  14 d a y s ,  r e s p e c t i v e l y .  T h u s ,  the  m e a n  
d e v e lo p m e n ta l  p e r i o d  of b o th  s e x e s  of  O. s u b m e t a l l i c u s  f r o m  o v i p o ­
s i t io n  to e m e r g e n c e  r e q u i r e d  ca  13 a d d i t i o n a l  days  a t  21°C a n d  3 
a d d i t i o n a l  days  a t  2 5 °C  a s  c o m p a r e d  to 2 9 ° C .
C l a u s e n  (1962) r e p o r t e d  th a t  u n d e r  o p t i m u m  t e m p e r a t u r e  
c o n d i t i o n s ,  Q o e n c y r t u s  m a l a y e n s i s  in  th e  e g g s  of P e n t a t o m i d a e  








































S u r v iv a l  a n d  S u p e r p a r a s i t i s m
The r e s u l t s  of  p e r c e n t  e m e r g e n c e  of p a r a s i t e s  f r o m  p a r a s i ­
t i z e d  h o s t  eggs  a t  d i f f e r e n t  t e m p e r a t u r e s  an d  two p h o to p e r io d s  a r e  
p r e s e n t e d  in  T a b le s  III ,  IV, V an d  VI. D e ta i l e d  d a ta  u s e d  in the 
a n a l y s e s  a r e  g iv en  in A p p e n d ix  T a b le s  5, 6, 7 a n d  8.
The a d u l t  e m e r g e n c e  of T. b a s a l i s  a t  14L:10D did  no t  i n c r e a s e  
s ig n i f i c a n t ly  ( P  > 0 . 0 5 )  w i th  the  i n c r e a s e  in  t e m p e r a t u r e  (T ab le  III). 
A t  10L»:14D, the  p e r c e n t  ad u l t  e m e r g e n c e  a t  29°C  (89.5%) w as  s i g n i ­
f ic a n t ly  g r e a t e r  ( P  < 0 .0 5 )  than  a t  21°C (83.0%) a s  show n  in  T a b le  IV. 
O v e r a l l ,  the  a d u l t  e m e r g e n c e  a t  21°C w as  l o w e r ,  a n d  i t  w a s  h ig h e r  
a t  25 a n d  2 9 °C .  T h u s ,  the o p t im u m  t e m p e r a t u r e  f o r  r e a r i n g  T. 
b a s a l i s  w as  s o m e w h e r e  b e tw e e n  25 a n d  29°C .
No s ig n i f i c a n t  d i f f e r e n c e  (P  > 0 . 0 5 )  w as  found in  p e r c e n t  
e m e r g e n c e  of O. s u b m e t a l l i c u s  f r o m  h o s t  eggs  h e l d  a t  t e m p e r a t u r e s  
of 21, 25 a n d  2 9 ° C  a n d  p h o t o p e r io d  of  14L:10D o r  10L-:14D (T a b le s  V 
an d  VI). The  p r o b a b l e  o p t i m a l  t e m p e r a t u r e  f o r  r e a r i n g  O. 
s u b m e t a l l i c u s  w as  s i m i l a r  to t h a t  f o r  T.  b a s a l i s .
The  c o n t in u a t io n  of  s u c c e s s i v e  g e n e r a t i o n s  in  bo th  p a r a s i t e s ,
O. s u b m e t a l l i c u s  a n d  T.  b a s a l i s , w i th o u t  r e d u c t i o n  in  s u r v i v a l ,  w as  
o b s e r v e d  in  a l l  the  t e s t  c o n d i t i o n s .  No s ig n i f i c a n t  d i f f e r e n c e  in  
s u r v i v a l  w a s  d e t e c t e d  w hen  the  p a r a s i t e s  w e r e  r e a r e d  a t  d i f f e r e n t  
p h o t o p e r i o d s .
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Table  III. M ean p e rc e n t  of e m e rg e n c e  in  five s u c c e s s iv e
g e n e ra t io n s  of T. b a s a l i s  a t  d if fe ren t  t e m p e ra tu re s
and  14L:10D.
T e m p e r a t u r e
(°C)
T o ta l  No. 
h o s t  eggs  
p a r a s i t i z e d
% . a /e m e r g e n c e -
No.  in d iv id u a ls  
p e r  egg
21 1377 84. 3 ns 1
25 1388 89. 1 ns 1
29 1417 88. 3 ns 1
a /  ns  P > 0 . 0 5 .
P e r c e n t  of ad u l t  e m e r g e n c e  f r o m  h o s t  eggs  in w h ich  
p a r a s i t e s  e m e r g e d .
C o m p u te d  f r o m  d a ta  g iven  in  A p p e n d ix  T a b le  5.
T a b le  IV. M e a n  p e r c e n t  of e m e r g e n c e  in  f ive  s u c c e s s i v e
g e n e r a t i o n s  of T. b a s a l i s  a t  d i f f e r e n t  t e m p e r a t u r e s  
a n d  10L:14D.
T e m p e r a t u r e  T o ta l  No. 
(°C) h o s t  eggs
p a r a s i t i z e d
% a /  
e m e r g e n c e
No.  in d iv id u a l s  
p e r  egg
21 1390 83.  0 b 1
25 1379 8 8 . 8  a , b 1
29 ' 1140 89.  5 a 1
a /  V a lu es  fo l lo w e d  by  the  s a m e  s u p e r s c r i p t  do no t  d i f f e r  
s t a t i s t i c a l l y  ( P > - 0 . 0 5 ) .
P e r c e n t  of  a d u l t  e m e r g e n c e  f r o m  h o s t  eg g s  f r o m  w h ich  
p a r a s i t e s  e m e r g e d .
C o m p u te d  f r o m  d a ta  g iv en  in  A p p e n d ix  T a b le  6.
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T able  V. M ean  p e rc e n t  of e m e rg e n c e  in  five s u c c e s s iv e
g e n e ra t io n s  of O. su b m e ta ll icu s  a t  d if fe ren t
t e m p e r a tu r e s  and  14L.:10D.
T e m p e r a t u r e
(°C)
T o ta l  No. 
h o s t  eggs  
p a r a s i t i z e d
% / a /e m e r g e n c e -
No.  in d iv id u a l s  
b /p e r  e g g - '
21 1385 82. 0 ns 1 .2 0  + 0 .0 7 1
25 1389 85. 9 ns 1 .29  + 0. 154
29 1406 84.  9 ns 1 .3 0  ± 0. 118
a /  ns  P  > 0. 05.
P e r c e n t  of  adu l t  e m e r g e n c  
p a r a s i t e s  e m e r g e d .
:e f r o m  h o s t e g g s  in  w h ic h
b / M ea n  n u m b e r  a n d  s t a n d a r d  d e v ia t io n  of p a r a s i t e  e m e r g e n c e  
p e r  h o s t  egg .
C o m p u t e d  f r o m  d a ta  g iven  in  A p p e n d ix  T a b le  7.
T a b le  VI. M e a n  p e r c e n t  of  e m e r g e n c e  in  f ive  s u c c e s s i v e  
g e n e r a t i o n s  of  O. s u b m e t a l l i c u s  a t  d i f f e r e n t  
t e m p e r a t u r e s  a n d  10L:14D.
T e m p e r a t u r e
( ° C )
T o t a l  No. 
h o s t  eggs  
p a r a s i t i z e d
% No.  in d iv id u a l s
a /  b /  e m e r g e n c e — p e r  e g g -
21 1347 81 . 1 ns 1. 18 ± 0 . 0 8 7
25 1360 8 4 . 0  ns 1. 24 + 0. 082
29 1363 8 5 . 6  ns 1 .2 7  + 0. 112
a /  n s  P  > 0 . 05 .
P e r c e n t  o f  a d u l t  e m e r g e n c e  f r o m  h o s t  eg g s  f r o m  w h ich  
p a r a s i t e s  e m e r g e d .
b /  M e a n  n u m b e r  a n d  s t a n d a r d  d e v i a t i o n  of  p a r a s i t e  e m e r g e n c e  
p e r  h o s t  egg .
C o m p u t e d  f r o m  d a ta  g iven  in  A p p e n d ix  T a b le  8.
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In the  c a s e  of  O. s u b m e t a l l i c u s  the  a v e r a g e  n u m b e r  of  a du l t  
p a r a s i t e s  e m e r g i n g  f r o m  a  h o s t  egg r a n g e d  f r o m  1.18 to 1 .30 ,  
w h e r e a s  a  s in g l e  a d u l t  of  T. b a s a l i s  d e v e lo p e d  w i th in  the  h o s t  egg 
( T a b le s  III, IV, V a n d  VI).
My o b s e r v a t i o n s  a g r e e  w i th  th o se  of Noble  (1937), K a m a l  (1937) 
an d  G a n e s a l i n g a m  (1966) in  th a t  s e v e r a l  f e m a l e s  of T. b a s a l i s  
o v i p o s i t e d  s i m u l t a n e o u s l y  in  a  s in g le  egg  of N. v i r i d u l a , r e s u l t i n g  in 
s u p e r p a r a s i t i s m .  Only one p a r a s i t e  d e v e lo p e d  p e r  h o s t  egg .  On the 
o t h e r  h and ,  s u p e r p a r a s i t i s m  in  T. b a s a l i s  d id  not o c c u r  w hen  a s in g le  
i n d iv id u a l  w as  a l l o w e d  to o v ip o s i t ,  s i n c e  the  p a r a s i t e  d i s c r i m i n a t e d  
a g a i n s t  the  p a r a s i t i z e d  eggs  by r e c o g n i z i n g  i t s  own m a r k i n g s  ( C u m b e r ,  
1951; W i l so n ,  1961).
In the  g enus  O o e n c y r t u s , C la u s e n  (1932) r e p o r t e d  h igh  s u p e r ­
p a r a s i t i s m  b y  O o e n c y r t u s  in f id u s  in  eggs  of L e c a n i u m  k u n o e n s i s  
u n d e r  f i e ld  c o n d i t i o n s .  W a l k e r  a n d  A n d e r s o n  (1933), an d  M a p le  (1937) 
r e p o r t e d  tha t  2 to 3 i n d iv id u a l s  of O o e n c y r tu s  j o h n s o n i  e m e r g e d  f r o m  
eggs  of  the h a r l e q u i n  bug ,  M u r g a n t i a  h i s t r i o n i c a .
A d u l t  L o n g e v i ty
The r e s u l t s  on s tu d i e s  of  a d u l t  l o n g e v i ty  of  O. s u b m e t a l l i c u s  
a n d  T.  b a s a l i s  a r e  p r e s e n t e d  in  T a b le s  VII,  VIII, IX a n d  X. When 
a d u l t  p a r a s i t e s  w e r e  not  f e d ,  t h e i r  l o n g e v i ty  w a s  d r a s t i c a l l y  r e d u c e d  
a n d  the  p r e s e n c e  o r  a b s e n c e  of  N. v i r i d u l a  eggs  h a d  n o  e f f e c t  on 
th is  c u r t a i l m e n t .  T h e  s t a t i s t i c a l  a n a l y s i s  s h o w e d  th a t  t h e r e  w a s  no
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T a b le  VII. M e a n  a d u l t  lo n g e v i ty  of m a l e  T. b a s a l i s  in  the  
p r e s e n c e  a n d  a b s e n c e  of honey .
Food T o ta l  No. 
i n s e c t s
M e a n
(days)
§yS. D. R ange
Honey 24 43.7 ± 1 . 9 36 - 50
No h o n ey 25 2 . 6 * * ± 0. 1 2 - 4
** P - = 0 . 0 1  (t = 4 6 . 3 6  > 3 . 7 6 )
a J S t a n d a r d  d e v ia t io n .  D e ta i l e d  d a ta  u s e d  in  the  a n a l y s i s  
a r e  g iv en  in  A p p en d ix  T a b le  9.
T a b le  VIII. M e a n  ad u l t  lo n g e v i ty  of  f e m a l e  T.  b a s a l i s  in  the 
p r e s e n c e  an d  a b s e n c e  of  h o n e y  a n d  h o s t  eggs  
(N. v i r id u la ) .
F o o d H o s t T o ta l  No. 
i n s e c t s
sL/M e a n
(days)
S. TT ^ R an g e
Honey H o s t  eggs 23 36. 1 b ± 1 . 3 29 - 44
No h o s t  eggs 25 5 0 . 4  a ± 1 . 9 40 - 57
No honey H o s t  eggs 24 2 . 6  c ± 0. 1 2 - 3
No h o s t  eggs 24 2 . 7  c ± 0 . 2 2 - 3
aJ  V a lu e s  fo l lo w ed  b y  the  s a m e  s u p e r s c r i p t  do no t  d i f f e r  
s t a t i s t i c a l l y  ( P  > 0 . 0 1 ) .
fey S t a n d a r d  d e v ia t i o n .  D e t a i l e d  d a ta  u s e d  in  the  a n a l y s i s  
a r e  g iv e n  in  A p p e n d ix  T a b le  10.
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T a b le  IX. M e a n  a d u l t  lo n g e v i ty  of  m a l e  O. B u b m eta l l i cu s  in 
the  p r e s e n c e  a n d  a b s e n c e  of  honey .
F o o d T o ta l  No. i n s e c t s
M e a n
(days)
s .  D y Range
Honey 23 14 .6 ± 0 . 6 12 - 17
No honey 24 2 . 6 * * ± 0 . 2 1 - 3
** 0 .0 1  (t = 4 3 . 6 9  > 3 .7 6 )
aJ  S t a n d a r d  d e v ia t io n .  D e t a i l e d  d a ta  u s e d  in  the a n a l y s i s  
a r e  g iv en  in  A p p en d ix  T a b le  11.
T a b le  X. M e a n  l o n g e v i ty  of  f e m a l e  O. s u b m e t a l l i c u s  in  the 
p r e s e n c e  a n d  a b s e n c e  of  h o n ey  a n d  h o s t  eggs 
(N. v i r i d u l a ) .
F o o d H o s t T o ta l  No. 
i n s e c t s
M e a n ^
(days)
S. D7^ R an g e
Honey H o s t  eggs 24 33. 3 b ± 2. 3 25 - 42
No h o s t  e g g s 23 4 6 . 9  a + 2. 7 36 - 55
No honey H o s t  eggs 23 2 . 7  c + 0. 3 1 - 4
No h o s t  eggs 24 2 . 6  c + 0 . 2 2 - 3
a /  V a lu e s  fo l lo w e d  by  th e  s a m e  s u p e r s c r i p t  do not  d i f f e r  
s t a t i s t i c a l l y  ( P > 0 .0 1 ) .
fc>J S t a n d a r d  d e v ia t i o n .  D e t a i l e d  d a ta  u s e d  in  the  a n a l y s i s  
a r e  g iv e n  in  A p p e n d ix  T a b le  12.
s ig n i f i c a n t  d i f f e r e n c e  ( P  > 0 .0 5 )  in  the  m e a n  lo n g e v i t i e s  of p a r a s i t e s  
w i th o u t  food in  the  p r e s e n c e  o r  a b s e n c e  of the h o s t  eggs  a s  shown 
in  T a b le s  VIII a n d  X. T h u s ,  w hen  food  w as  a b s e n t ,  n u t r i t i o n  was  
the m a j o r  f a c t o r  r e s p o n s i b l e  f o r  e a r l y  d ea th  of  the a d u l t s  a n d  any 
u t i l i z a t i o n  of e n e r g y  due to o v ip o s i t i o n a l  a c t i v i t i e s  c a u s e d  no a d d i ­
t io n a l  r e d u c t i o n  in  lo n g ev i ty .
In the  a b s e n c e  of h o s t  eggs  a n d  in  the  p r e s e n c e  of honey ,  the 
p a r a s i t e s  of O. s u b m e t a l l i c u s  l i v e d  an  a v e r a g e  of 4 6 . 9  d a y s ,  
w h e r e a s  w h en  the  h o s t  eggs  w e r e  a v a i l a b l e  f o r  o v ip o s i t io n a l  a c t i v i ­
t i e s ,  l o n g e v i ty  of the  p a r a s i t e s  w as  r e d u c e d  to 3 3 .3  days  ( P - ' 0 . 0 1 ) .  
T h u s ,  when  ho n ey  w a s  p r o v id e d ,  o v ip o s i t i o n a l  a c t i v i t y  w a s  a  m a j o r  
f a c t o r  in the r e d u c t i o n  of a d u l t  lo n g e v i ty ,  i .  e.  , f r o m  46.  9 to 33. 3 
days  in O. s u b m e t a l l i c u s  a n d  f r o m  5 0 . 4  to 36.1 days  in  T.  b a s a l i s .
T h o m a s  (1972) r e p o r t e d  th a t  T r i s s o l c u s  b a s a l i s  fed  on s u g a r  
w a t e r  l i v e d  fo r  a  m e a n  p e r i o d  of 7 . 9  d a y s ,  a p p r o x i m a t e l y  tw ic e  a s  
long  a s  t h o s e  t h a t  w e r e  no t  f ed ,  an d  t h a t  o v ip o s i t i o n a l  a c t i v i t y  had  
no a d v e r s e  e f f e c t  on lo n g e v i ty .  In th e  p r e s e n t  s tu d y  the  o v ip o s i t io n a l  
a c t i v i t y  r e d u c e d  lo n g e v i ty  s ig n i f i c a n t l y  ( P  < 0 .01) .
The r e s u l t s  o b t a in e d  in  th is  s tudy  a r e  s i m i l a r  to t h o s e  r e p o r t e d  
by  M a t s u m o t o  (1974). He r e p o r t e d  th a t  a d u l t s  o f  the  i c h n e u m o n id  
p a r a s i t e ,  V e n t u r i a  c a n e s c e n s , l i v e d  f o r  a n  a v e r a g e  of  3 5 . 0  days  
w h e n  p r o v id e d  w i th  h o n e y ,  bu t  2.  5 d a y s  w i th o u t  food.  W hen  food w as
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p r o v i d e d  in  the p r e s e n c e  of  h o s t s ,  o v ip o s i t io n a l  a c i t i v i t e s  r e d u c e d  
a d u l t  lo n g e v i ty  f r o m  35. 0 to  2 2 . 6  d ay s .
I n c r e a s i n g  a d u l t  lo n g ev i ty  c a n  in f lu en c e  the  e f fe c t  of  p a r a s i t e s  
a s  n a t u r a l  c o n t r o l  a g e n t s .  E n to m o p h a g o u s  p a r a s i t e s  hav e  b e e n  
r e p o r t e d  to l a y  a l l  t h e i r  eggs  in the f i r s t  few days  o f  l i f e  when food 
is  no t  a v a i l a b l e  bu t  w i l l  l ay  s i m i l a r  n u m b e r s  o v e r  a  l o n g e r  p e r io d  
w hen  fed  (A hm ad ,  1936; S im m o n d s ,  1943). P r o l o n g e d  a d u l t  longev i ty  
w hen  h o s t s  a r e  a b u n d a n t  is  not n e c e s s a r i l y  a n  a d v a n ta g e .  H o w e v e r ,  
w hen  the h o s t  d e n s i ty  is  low,  w ide ly  d i s p e r s e d ,  d i f f icu l t  to f ind ,  o r  
not  in  s y n c h r o n y  w i th  the  p a r a s i t e ,  the p r o lo n g e d  ad u l t  lo n g e v i ty  
i s  c e r t a i n l y  a d v a n t a g e o u s .  A l s o ,  u n d e r  t h e s e  c o n d i t io n s  s u p e r p a r a ­
s i t i s m  w ou ld  p r o b a b ly  be r e d u c e d .  T h u s ,  the  p a r a s i t e ' s  c a p a b i l i t y  
fo r  e x e r t i n g  m a x i m u m  e f f i c i e n c y  a n d  e f f e c t i v e n e s s  fo r  c o n t r o l  of 
the  h o s t  p o p u la t io n  w o u ld  b e  e n h a n c e d .
G ene t ic  S t r a i n s
In th is  s tu d y ,  u n m a t e d  f e m a l e s  of  O. s u b m e t a l l i c u s  w e r e  
a l lo w e d  to p r o d u c e  o f f s p r in g .  Al l  the  p r o g e n y  p r o d u c e d  w e r e  m a l e s  
a n d  the  t e m p e r a t u r e s  (21, 25 an d  29°C)  d id  not  i n f lu e n c e  the  s e x .  
T h u s ,  th is  s t r a i n  of O. s u b m e t a l l i c u s  r e p r o d u c e d  by  a r r h e n o t o k o u s  
p a r t h e n o g e n e s i s .
W i lso n  a n d  W o o lc o c k  (I960),  a n d  W i l s o n  (1962) r e p o r t e d  tha t  
a  s t r a i n  o f  O o e n c y r tu s  s u b m e t a l l i c u s  th e y  s t u d i e d  r e p r o d u c e d  by 
th e ly o to k o u s  p a r t h e n o g e n e s i s  ( u n m a te d  f e m a l e s  p r o d u c e  f e m a l e
p ro g en y ) .  H o w e v e r ,  he  o b s e r v e d  th a t  s e x  d e t e r m i n a t i o n  w as  a f f e c te d  
by  t e m p e r a t u r e .  A t  29°C  o r  a b o v e ,  u n m a t e d  f e m a l e s  p ro d u c e d  
s o m e  m a l e  p r o g e n y .  He a l s o  r e p o r t e d  th a t  g y n a n d r o m o r p h s  o c c u r r e d  
in  th is  s p e c i e s .  M o rp h o lo g ic a l ly ,  the  s p e c i m e n s  of O. s u b m e t a l l i c u s  
u s e d  in W i l s o n ' s  a n d  the p r e s e n t  s tu d i e s  w e r e  a l i k e  (N oyes ,  1978).
T h u s ,  i t  w o u ld  s e e m  th a t  t h e r e  m u s t  be a t  l e a s t  two s t r a i n s  of 
th is  s p e c i e s .  The  s t r a i n  u s e d  in  the p r e s e n t  s tu d i e s  d i f f e r e d  f r o m  
W i l s o n ' s  in tha t  u n m a t e d  f e m a l e s  p r o d u c e d  a l l  m a l e  p ro g e n y .  
F u r t h e r m o r e ,  e x p o s u r e  of u n m a t e d  f e m a l e s  to 2 9 °C  did no t  c a u s e  
th e m  to p r o d u c e  f e m a l e  p ro g e n y .
Sex R a t io
The m e a n  s e x  r a t i o  of O. s u b m e t a l l i c u s  in n ine  s u c c e s s i v e  
g e n e r a t i o n s  r e a r e d  a t  c o n s ta n t  t e m p e r a t u r e s  of  21, 25 a n d  2 9 °C  is  
p r e s e n t e d  in  T a b le  XI. The m e a n  s e x  r a t i o  ( cf : 9 ) was  1 :6 .4 ,
1:5. 6 a n d  1:4. 0 a t  21, 25 a n d  2 9 ° C ,  r e s p e c t i v e l y .
The  r e s u l t s  sh o w e d  tha t  a  t e m p e r a t u r e  of  29 °C  p r o d u c e d  m o r e  
m a l e s  in  the  p r o g e n y  th a n  21°C w i th  a  s a m e  p h o t o p e r io d  of 14L:10D. 
C o n v e r s e l y ,  a t  21°C m o r e  f e m a l e s  w e r e  p r o d u c e d  th an  a t  2 9 °C .  Sex 
r a t i o  a n d  t e m p e r a t u r e  w e r e  n e g a t i v e l y  c o r r e l a t e d  ( r=  -0 .617**)  a s  
shown in  F i g u r e  2. A s  e a r l y  a s  1932, W hi t ing  a n d  A n d e r s o n  s t a t e d  
th a t  when the  p a r a s i t i c  w a s p ,  H a b r o b r a c o n  j u g l a n d i s  ( A s h m e a d ) ,  w a s  
e x p o s e d  to  low  t e m p e r a t u r e  a  h igh  p e r c e n t a g e  of  b i p a r e n t a l  p r o g e n y  
w as  p r o d u c e d ,  bu t  few w e r e  m a l e s .  It a p p e a r e d  th a t  a t  l o w e r e d
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T ab le  XI. M ean s e x  ra t io  of O. su b m e ta ll icu s  in n ine su c c e s s iv e
g e n e ra t io n s  a t d if fe ren t  t e m p e r a tu re s  and  14L:10D.
T e m p e r a t u r e
(°C)
T o ta l  No. 
i n s e c t s
A v e r a g e ^
( a  : 9 )
S. D . ^ R ange
21 1350 1:6. 4 a + 1 .2 4 . 9  - 8 . 0
25 1556 1 :5 .6  a , b + 0 . 7 4 . 0  - 6 . 2
29 1403 1 :4 .0  b + 0 . 5 2. 9 - 4 . 2
a /  V a lu es  fo l lo w e d  b y  the s a m e  s u p e r s c r i p t  do not d i f fe r  
s t a t i s t i c a l l y  (P  > 0. 01).
b /  S t a n d a r d  d e v ia t io n .  D a ta  u s e d  in  the a n a l y s i s  a r e  g iven  
in A p p en d ix  T a b le s  13, 14 an d  15.
t e m p e r a t u r e  m o r e  eggs  w e r e  f e r t i l i z e d  a n d  of t h e s e  a  p r e d o m in a n c e  
p r o d u c e d  f e m a l e s .
W i l so n  (1962) r e p o r t e d  O. s u b m e t a l l i c u s  p o s s e s s e d  a  t e m p e r a ­
t u r e  s e n s i t i v e  m e c h a n i s m  tha t  c o n t r o l l e d  the  c y to lo g ic a l  p r o c e s s e s  
u n d e r ly in g  s e x  d e t e r m i n a t i o n ,  s o  th a t  the  t e m p e r a t u r e  d e t e r m i n e d  
w h e t h e r  p r o g e n y  p r o d u c e d  by u n m a t e d  f e m a l e s  w e r e  m a l e ,  f e m a l e  o r  
g y n a n d r o m o r p h .  He  r e p o r t e d  tha t  low t e m p e r a t u r e s  p r o d u c e d  f e m a l e  
p r o g e n y  only ,  bu t  h ig h  t e m p e r a t u r e s  p r o d u c e d  b o th  f e m a l e  an d  m a l e  
p r o g e n y  in  the u n i p a r e n t a l  s t r a i n  of  O. s u b m e t a l l i c u s  . F a c t o r s  
c a u s i n g  th is  d i f f e r e n t i a l  r e s p o n s e  f o r  s e x  r a t i o  in  b o th  the  p r e s e n t  
s tu d y  s t r a i n  a n d  W i l s o n ' s  s t r a i n  a r e  no t  fu l ly  u n d e r s t o o d .
H o s t  P r e f e r e n c e

















Fig. 2. Influence of temperature on sex ratio of 0. submetallicus.
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p r e f e r e n c e  of O. s u b m e t a l l i c u s  a n d  T. b a s a l i s  fo r  the  eggs  of five 
s p e c i e s  of s t in k  b u g s  a r e  p r e s e n t e d  in  T a b le s  XII a n d  XIII. T h e re  
w e r e  s ig n i f i c a n t  d i f f e r e n c e s  ( P <  0 . 0 5 )  in o v ip o s i t io n a l  h o s t  p r e f e r e n c e  
f o r  the  p e n t a t o m i d  s p e c i e s  by b o th  p a r a s i t e  s p e c i e s .
O. s u b m e t a l l i c u s  a c c e p t e d  the  eggs  of a l l  f ive  p e n ta to m id  
s p e c i e s  t e s t e d ,  a l t h o u g h  E d e s s a  b i f ida  was  no t  a  p r e f e r r e d  h o s t .  The 
eggs  of E .  b i f ida  w e r e  no t  p a r a s i t i z e d  by T .  b a s a l i s . H o w e v e r ,  E.  
b i f id a  b e lo n g s  to th e  s u b t r i b e  E d e s s i n i  i n s t e a d  of the P e n ta to m in i  to 
w h ic h  the o t h e r  f o u r  s p e c i e s  be long .
E x c e p t  fo r  E .  b i f i d a , the  m e a n  p e r c e n t  p a r a s i t i s m  of eggs by  
bo th  T. b a s a l i s  a n d  O. s u b m e t a l l i c u s  r a n g e d  f r o m  93 to 97 fo r  A. 
h i l a r e , T. p a l l i d o v i r e n s , E .  s e r v u s  a n d  N. v i r i d u l a  (T a b le s  XII an d
XIII).  T h o m a s  (1972) found,  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  r e l a t i v e l y  
u n i fo r m  p a r a s i t i s m  of  eggs  by  T.  b a s a l i s  fo r  the s a m e  p e n ta to m id  
s p e c i e s ,  e x c e p t  E .  b i f i d a .
T h e s e  f in d in g s  invo lve  s e v e r a l  i m p o r t a n t  p o in t s .  F i r s t l y ,  a l t e r ­
n a t iv e  h o s t s  a r e  p r e s e n t  f o r  O. s u b m e t a l l i c u s  a n d / o r  T. b a s a l i s  in  the 
f i e ld  when N. v i r i d u l a  is  no t  p r e s e n t  o r  h a s  a  low  pop u la t io n  d en s i ty .  
U n d e r  s u c h  c o n d i t io n s  the  p a r a s i t e  po p u la t io n  can  be  m a i n t a i n e d  on 
the  a l t e r n a t e  h o s t  s p e c i e s .  S e c o n d ly ,  t h e s e  o t h e r  s p e c i e s  m ay  he lp  
to p r o v id e  the food  n e c e s s a r y  f o r  b u i ld in g  up i n c r e a s e d  n u m b e r s  of  
O. s u b m e t a l l i c u s  a n d  T.  b a s a l i s . On th e  o t h e r  h a n d ,  the  p r e s e n c e  
of  a l t e r n a t e  h o s t s  t h a t  a p p e a r  to be  e q u a l ly  a c c e p t a b l e  a s  N. v i r i d u l a
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T a b le  XII.  P e r c e n t  p a r a s i t i s m  of the  eggs  of s e v e r a l  p e n ta to m id  
s p e c i e s  o f  T .  b a s a l i s .
H o s t  s p e c i e s R e p l i c a t i o n M e a r r^
1 2 3 4
N. v i r i d u l a 9 8 .0 97. 1 9 6 .0 95. 5 96. 7 a
A. h i l a r e 9 3 . 9 95. 7 9 2 .2 9 1 .6 9 3 .4  b
E . b i f ida 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0  c
E .  s e r v u s 9 5 . 4 9 6 .0 9 3 . 9 9 2 . 8 94. 5 b
T. p a l l i d o v i r e n s 93. 5 9 2 . 4 9 6 . 4 9 3 . 4 9 3 .9  b
a /  V a lues  fo l lo w e d  by  the  s a m e  l e t t e r  do no t  d i f f e r  
s t a t i s t i c a l l y  f r o m  e a c h  o t h e r  by  D u n c a n ' s  M u l t ip le  
R an g e  T e s t  ( P > 0 . 0 5 ) .
C o m p u te d  f r o m  d a ta  show n in  A p p e n d ix  T a b le  16.
T a b le  XIII.  P e r c e n t  p a r a s i t i s m  of the  eggs  of  s e v e r a l  p e n ta to m id  
s p e c i e s  b y  O. s u b m e t a l l i c u s .
cl /H o s t  s p e c i e s  ____________ R e p l i c a t i o n _____________  M e a n —
1 2 3 4
N. v i r i d u l a 9 8 .2 95. 5 9 6 . 8 9 4 . 9 96. 4 a
A. h i l a r e 88.  8 9 3 .2 95. 6 9 3 . 9 9 2 .9  b
E . b i f ida 1. 1 0 . 8 1. 1 1 .0 1 .0  c
E . s e r v u s 9 7 . 6 9 6 .0 9 7 .0 9 5 .0 96. 4 a
T. p a l l i d o v i r e n s 95.  1 9 8 . 0 95. 1 9 2 . 8 9 5 .3  a , b
a j  V a lu es  fo l lo w e d  b y  the  s a m e  l e t t e r  do n o t  d i f f e r  
s t a t i s t i c a l l y  f r o m  e a c h  o t h e r  by  D u n c a n ' s  M u l t ip le  
R a n g e  T e s t  ( P > 0 . 0 5 ) .
C o m p u te d  f r o m  d a ta  sh o w n  in  A p p e n d ix  T a b le  17.
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m a y  r e d u c e  e f f e c t iv e n e s s  of  the p a r a s i t e s  fo r  c o n t r o l  of the l a t t e r .  
C o m p e t i t i v e  I n t e r a c t i o n
T a b le  XIV show s  the m e a n  p e r c e n t  p a r a s i t i s m  of the d i f f e ren t  
c o m b in a t io n s  of O. s u b m e t a l l i c u s  a n d  T. b a s a l i s  a g a i n s t  the eggs  of 
N. v i r i d u l a  u n d e r  l a b o r a t o r y  co n d i t io n s .  A n a ly s i s  of v a r i a n c e  fo r  
t h e s e  d a ta  i s  p r e s e n t e d  in  A p pend ix  T a b le  19. T h e r e  w as  no s ig n i f i ­
c a n t  i n t e r a c t i o n  ( P  > 0 . 0 5 )  b e tw e e n  t r e a t m e n t  c o m b in a t io n s  an d  
s p e c i e s .  O v e r a l l ,  O. s u b m e t a l l i c u s  p a r a s i t i z e d  s ig n i f i c a n t ly  m o r e  
h o s t  eggs  than  T. b a s a l i s  (P  < 0 .0 5 )  a s  shown in  T a b le  XIV.
E v e n  w h en  the  two p a r a s i t e  s p e c i e s  w e r e  a l t e r n a t e d  e v e r y  
2 4 - h r  , the m e a n  p e r c e n t  p a r a s i t i s m  by O. s u b m e t a l l i c u s  was  s i g n i ­
f ic an t ly  h i g h e r  th an  tha t  of T.  b a s a l i s  (T a b le  XIV). F e m a l e s  of bo th  
s p e c i e s  o v ip o s i t e d  in  a  s in g le  egg of N. v i r i d u l a ,  r e s u l t i n g  in m u l t i ­
p a r a s i t i s m .  H o w e v e r ,  only  in d iv id u a ls  of one s p e c i e s ,  e i t h e r  
O. s u b m e t a l l i c u s  o r  T. b a s a l i s ,  d e v e lo p e d  w i th in  the h o s t  egg .  As 
a  w h o le ,  the  p a r a s i t i c  a c t i v i t y  of  O. s u b m e t a l l i c u s  w as  a lw a y s  s i g n i ­
f ic a n t ly  d o m in a n t  to T. b a s a l i s  in the l a b o r a t o r y  t e s t s .
F I E L D  E V A LU A T IO N
The r e s u l t s  of e x p e r i m e n t s  f o r  c o m p a r i n g  the  e f f e c t i v e n e s s  
of  the  two p a r a s i t e  s p e c i e s  in the  f i e ld  d u r in g  1977 a r e  g iven  in 
A p p e n d ix  T a b le  20.  T h e s e  t r i a l s  w e r e  m a d e  u n d e r  f i e ld  c o n d i t io n s  
to o b s e r v e  the  e f f i c a c y  of  the  egg p a r a s i t e s ,  O. s u b m e t a l l i c u s  a n d  
T. b a s a l i s ,  a g a i n s t  eggs  of N. v i r i d u l a .  T a b le  XV s h o w s  a
T able  XIV. C om petitive  in te ra c t io n  be tw een  O. su b m e ta l l ic u s  and  T. b a s a l i s  .
_________________________________ M ea n  % p a r a s i t i s m _b y _____________________
Rep.  .  C o m b in e d _________   A l t e r n a t e d  a t  2 4 - h r  i n t e r v a l s
O o e n c y r tu s  + T r i s s o l c u s  O o e n c y r tu s  / T r i s s o l c u s  T r i s s o l c u s  /  O o e n c y r tu s
1 74. 1 25. 9 6 3 .0 3 7 .0 3 0 . 4 6 9 . 6
2 66.  8 33. 2 73. 7 26.  3 4 3 . 8 5 6 .2
3 6 0 . 9 39. 1 6 5 . 7 3 4 .3 4 1 . 9 58.  1
4 6 7 . 5 32. 5 7 2 .2 27.  8 3 4 .2 6 5 . 8
M e a n ^ 6 7 . 3  a 32. 7 b 68.  7 a 3 1 . 4  b 3 7 .6  b 6 2 . 4  a
a /  V a lu e s  fo l lo w e d  b y  the s a m e  s u p e r s c r i p t  do no t  d i f f e r  s t a t i s t i c a l l y  ( P  > 0 . 0 5 )  . 
C o m p u te d  f r o m  d a ta  show n in  A p p e n d ix  T a b le  18.
T a b le  XV. P e r c e n t  p a r a s i t i s m  of  h o s t  eggs  e x p o s e d  to p a r a s i t e s  fo r
t h r e e  d a y s  i n  p r e l i m i n a r y  f ie ld  t r i a l s  d u r in g  1 9 7 7 .—/
D a te  of 
R e l e a s e
S p e c ie s
O o e n c y r t u s  T r i s s o l c u s  C o m b in e d  ( O. + T. )—/
J u l y  15
J u l y  31 
A ug.  14 
M e a n -
3 7 . 5 0 4 3 . 7 5  5 0 .7 3  (2 3 .5 3  + 2 7 .2 0 )
6 0 .0 0  4 8 . 2 3  ( 2 3 .5 3  + 24 .70 )
5 0 .4 2  4 4 . 3 2  ( 1 7 .6 5  + 2 6 .6 7 )
5 1 . 3 9  ns  4 7 . 7 6  n s  ( 2 1 .5 7  + 26 .1 9 )
4 7 . 0 6
41 .  18
4 1 . 9 1  ns
a j  P e r c e n t  p a r a s i t i s m  in e a c h  t r e a t m e n t  w a s  c o r r e c t e d  fo r  
p a r a s i t i s m  b y  e n d e m i c  p o p u la t io n s  of T. b a s a l i s  in the 
c o n t r o l  p lo ts  a n d  c o m p u t e d  f r o m  d a ta  show n  in  A ppend ix  
T a b le  20.
\ J  P e r c e n t  p a r a s i t i s m  of  c o m b i n e d  O o e n c y r tu s  a n d  T r i s s o l c u s
c j  n s  P > 0 . 0 5 .  S t a t i s t i c a l  a n a l y s e s  a r e  g iv en  in  A p p en d ix  
T a b le  21.
s u m m a r y  of  the  p e r c e n t  p a r a s i t i s m  of the two s p e c i e s  on h o s t  egg 
m a s s e s  a t  e a c h  t r e a t m e n t  c o m b in a t io n .
C o n t r o l s  f o r  the t e s t s  (A ppend ix  T a b le  20) i n d i c a t e d  th a t  a  m e a n  
of 9.  7% of the  egg  m a s s e s  p l a c e d  in the  f i e ld  w a s  p a r a s i t i z e d  by  
e n d e m i c  p o p u la t io n s  of  T .  b a s a l i s .  T h e r e f o r e ,  the  p e r c e n t a g e  of 
p a r a s i t i s m  r e s u l t i n g  f r o m  r e l e a s e d  p a r a s i t e s  w as  c o r r e c t e d  to 
a c c o u n t  f o r  p a r a s i t i s m  b y  n a t u r a l l y  o c c u r r i n g  p o p u la t i o n s  of 
T. b a s a l i s .
R a t e s  o f  p a r a s i t i s m  in  egg  m a s s e s  p l a c e d  in  a  u n i t  a r e a  of 
2
144 m  , w h en  1 0 ,0 0 0  p a r a s i t e s  w e r e  r e l e a s e d  in to  e a c h  t r e a t m e n t
43
c o m b in a t io n ,  w e r e  41.9% by O. s u b m e t a l l i c u s , 51.4% by T. b a s a l i s  
a n d  4 7 .8 %  b y  the  two s p e c i e s  c o m b in e d .  T h e r e  w as  no  s ig n i f i c a n t  
d i f f e r e n c e  ( P > 0 . 0 5 )  b e tw e e n  the t r e a t m e n t  c o m b in a t io n s  (TableXY).
Of the 4 7 .8 %  p a r a s i t i s m  o b ta in e d  in  the  t r e a t m e n t  w i th  the 
c o m b i n e d  s p e c i e s  21. 6% w e r e  p a r a s i t i z e d  by  O. s u b m e t a l l i c u s  and  
26. 2% by T. b a s a l i s , a n d  th i s  d id  no t  show an y  s t a t i s t i c a l l y  s ig n i f i ­
can t  d i f f e r e n c e  ( P > 0 . 0 5 ) .
H o w e v e r ,  u n d e r  l a b o r a t o r y  co n d i t io n s  t h e r e  w as  a  h igh ly  s i g n i ­
f i c a n t  d i f f e r e n c e  b e tw e e n  the two s p e c i e s  w i th  O. s u b m e t a l l i c u s  p a r a ­
s i t i z i n g  s ig n i f i c a n t l y  m o r e  eggs  of  N. v i r i d u l a  than  T. b a s a l i s  (T ab le
XIV). R e a s o n s  f o r  the  d i f f e r e n c e  in p e r f o r m a n c e  of the two s p e c i e s  
u n d e r  f ie ld  a n d  l a b o r a t o r y  c o n d i t io n s  a r e  unknown.
The m e a n  p e r c e n t a g e  of egg m a s s e s  p a r a s i t i z e d  at e a c h  lo c a t io n  
of the s t a t i o n s  an d  a t  v a r i o u s  d i s t a n c e s  f r o m  the  c e n t r a l  r e l e a s e  
po in ts  in the t h r e e  t e s t s  in  1978 a r e  p r e s e n t e d  in  A p p e n d ix  T ab le  
22. The a n a l y s e s  of the  r e s u l t s  of t h e s e  t r i a l s  a r e  g iven  in  A ppend ix  
T a b le  25.  T a b le  XVI sh o w s  the  m e a n  p e r c e n t a g e  o f  egg m a s s e s  
w h ic h  w e r e  p a r a s i t i z e d  by r e l e a s e d  p a r a s i t e s  w i th  r e g a r d  to 
d i r e c t i o n  f r o m  the  c e n t r a l  r e l e a s e  po in t  in  th e  e x p e r i m e n t a l  a r e a .
The  d i r e c t i o n  f r o m  the  r e l e a s e  po in t  d id  no t  s ig n i f i c a n t l y  a f f e c t  the  
p e r c e n t  o f  p a r a s i t i s m  in  a n y  a r e a  of  the  f i e ld  p a t t e r n  a s  show n in  
A p p e n d ix  T a b le  25 .  The m e a n  p a r a s i t i s m  r a t e s  of egg  m a s s e s  
p l a c e d  in  an  a r e a  4 0 0 ^ m ,  w h e n  10 ,000  p a r a s i t e s  w e r e  r e l e a s e d  in to
44
T a b le  XVI. M e a n  p e r c e n t  p a r a s i t i s m  o f  egg m a s s e s  b y  r e l e a s e d  
p a r a s i t e s  w i th  r e g a r d  to d i r e c t i o n s  f r o m  the  c e n t r a l  
r e l e a s e  poin t  in  the  e x p e r i m e n t a l  a r e a  d u r in g  19782-/
D i r e c t i o n
O o e n c y r tu s T r i s s o l c u s C o m b in e d ( O. + T . ) ^
N o r th 24.  3 32. 1 3 1 . 6 ( 1 0 .8  + 2 0 .8 )
W e s t 23. 3 3 1 . 5 29. 8 ( 1 2 .0  + 17. 8)
South 27.  5 3 3 . 0 3 5 .0 ( 1 3 .6  + 2 1 .4 )
E a s t 26.  1 30. 7 32.  6 ( 1 4 .5  + 18. 1)
M e a n - / 25. 3 b 3 1 . 8  a 32. 3 a (1 2 .7  + 19 .6)
a_/ P e r c e n t  p a r a s i t i s m  in  e a c h  t r e a t m e n t  w a s  c o r r e c t e d  fo r  
p a r a s i t i s m  b y  e n d e m i c  p o p u la t io n s  of  T.  b a s a l i s  in  the  
c o n t r o l  a n d  c o m p u t e d  f r o m  d a t a  show n  in  A p p e n d ix  
T a b le  22.
bJ  P e r c e n t  p a r a s i t i s m  of  c o m b i n e d  O o e n c y r tu s  a n d  T r i s s o l c u s .
c /  V a lues  fo l lo w e d  by the s a m e  s u p e r s c r i p t  a r e  not  
s t a t i s t i c a l l y  d i f f e r e n t  ( P > 0 . 0 5 ) .
e a c h  t r e a t m e n t  c o m b i n a t i o n ,  w e r e  25.  3% by O. s u b m e t a l l i c u s ,
31. 8% by T. b a s a l i s  a n d  32. 3% by  the  two s p e c i e s  c o m b in e d .
2Unlike  the  t e s t s  of  the  p r e v i o u s  y e a r  in  a n  a r e a  144 m  , a  s i g n i f i ­
c a n t  d i f f e r e n c e  w a s  found ( P < 0 . 0 5 )  b e tw e e n  t r e a t m e n t  c o m b in a t io n s  
w i th  r e g a r d  to the  p e r c e n t a g e  of  egg m a s s e s  p a r a s i t i z e d .
O. s u b m e t a l l i c u s  p a r a s i t i z e d  f e w e r  egg m a s s e s  of N. v i r i d u l a  than  
t h o s e  p a r a s i t i z e d  b y  T.  b a s a l i s  o r  the  c o m b i n a t i o n  of  T.  b a s a l i s  
a n d  O. s u b m e t a l l i c u s  ( T a b le  XVI).
T a b le  XVII sh o w s  the  m e a n  p e r c e n t a g e  of  egg  m a s s e s  w h ich
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T a b le  XVII.  M e a n  p e r c e n t  p a r a s i t i s m  of  egg m a s s e s  by r e l e a s e d  
p a r a s i t e s  w i th  r e g a r d  to d i s t a n c e s  f r o m  the c e n t r a l  
r e l e a s e  point  in  the e x p e r i m e n t a l  a r e a  d u r in g  
1978.
D i s t a n c e  f r o m  
r e l e a s e  point 
(m)
S p e c ie s
O o e n c y r tu s T r i s s o l c u s C o m b in e d  
( O. + T . )
M e a n ^
1 50. 0 56. 3 5 9 .8 5 5 . 4  a
5 42.  3 53. 2 47 .  0 47.  5 a
10 30. 1 3 5 . 4 3 7 .0 3 4 . 2  b
15 4. 2 10. 2 17. 6 10. 7 c
20 0 . 0 4. 2 0 . 0 1 .4  c
aJ  V a lu es  fo l lo w e d  by the s a m e  s u p e r s c r i p t  a r e  not 
s t a t i s t i c a l l y  d i f f e r e n t  ( P >  0 .01).
C o m p u te d  f r o m  d a ta  show n in  A p p e n d ix  T a b le  22.
were  p l a c e d  in  f i e ld  a n d  p a r a s i t i z e d  by  r e l e a s e d  p a r a s i t e s  w ith  
r e g a r d  to d i s t a n c e  f r o m  the c e n t r a l  r e l e a s e  point  in  the  e x p e r i m e n t a l  
a r e a .  T h e r e  w as  a  h igh ly  s ig n i f i c a n t  d i f f e r e n c e  in  p e r c e n t a g e  of  eggs  
p a r a s i t i z e d  a t  the  v a r i o u s  d i s t a n c e s  f r o m  the r e l e a s e  poin t  (P  < 0 .01) .  
The  p e r c e n t a g e  o f  p a r a s i t i s m  d e c r e a s e d  w i th  d i s t a n c e  f r o m  the 
r e l e a s e  point .  T h u s ,  th i s  r e s u l t  d i s a g r e e s  w i th  a  r e p o r t  g iven  by 
T h o m a s  (1972). He s t a t e d  th a t  the s e a r c h i n g  a b i l i t y  a n d  d i s p e r s a l  of  
T. b a s a l i s  w e r e  u n i f o r m  f r o m  a  c e n t r a l  r e l e a s e  po in t  in  a  144 m  
e x p e r i m e n t a l  a r e a .
G E N E R A L  DISCUSSION
T r i s s o l c u s  b a s a l i s  and  O o e n c y r tu s  s u b m e t a l l i c u s  w e r e  s i m i l a r  
in  m o s t  a s p e c t s  of  t h e i r  b io logy .  Both  s p e c i e s  w e r e  a l i k e  in  t h e i r  
r e s p o n s e  to t e m p e r a t u r e  an d  p h o to p e r io d ,  bu t  the  d e v e lo p m e n ta l  
p e r i o d s  of T. b a s a l i s  w e r e  abou t  6,  4 an d  3 days  s h o r t e r  than  th o se  of 
O. s u b m e t a l l i c u s  a t  t e m p e r a t u r e s  of  21, 25 a n d  2 9 ° C ,  r e s p e c t i v e l y .  
L o n g e v i ty  of bo th  s p e c i e s  w as  abou t  the s a m e  u n d e r  e a c h  of the 
c o n d i t io n s  to w h ic h  they  w e r e  e x p o s e d .  W hen  they  w e r e  h e ld  w i thou t  
food o r  p r o v id e d  w i th  honey  a d  l i b i t u m  bo th  s p e c i e s  l i v e d  abou t  3 
an d  48 d a y s ,  r e s p e c t i v e l y ,  e x c e p t  m a l e s  of T. b a s a l i s  l i v e d  l o n g e r  
than  m a l e s  of O. s u b m e t a l l i c u s  w hen  p r o v id e d  food. When p r o v id e d  
h o s t  eggs  a n d  h o n e y ,  lo n g e v i ty  w as  d e c r e a s e d  a b o u t  29 p e r c e n t  fo r  
b o th  s p e c i e s .  Th is  r e s p o n s e  c o n f i r m s  to R u b n e r ' s  r u l e  tha t  l o n g e ­
v i ty  is  i n v e r s e l y  p r o p o r t i o n a l  to the i n t e n s i t y  of  l iv in g ,  a r u l e  tha t  
a p p e a r s  to a p p ly  w e l l  to p o i k i l o t h e r m a l  s p e c i e s .
The  two s p e c i e s  d i f f e r e d  s l i g h t l y  in  p a t t e r n  of  a d u l t  e m e r g e n c e  
f r o m  h o s t  e g g s .  F e m a l e s  of  O. s u b m e t a l l i c u s  b e g a n  e m e r g e n c e  
e a r l i e r  th a n  the  m a l e s .  C o n v e r s e l y  m a l e s  of  T .  b a s a l i s  b eg an  
e m e r g e n c e  e a r l i e r  t h an  the  f e m a l e s .  In b o th  s p e c i e s ,  h o w e v e r ,  
m a l e  e m e r g e n c e  w a s  c o m p l e t e d  b e f o r e  a l l  f e m a l e s  h a d  e m e r g e d .
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T h e r e  w a s  a  s ig n i f i c a n t  d i f f e r e n c e  in  the n u m b e r  of p a r a s i t e s  
p r o d u c e d  p e r  h o s t  egg.  E a c h  egg p a r a s i t i z e d  by T. b a s a l i s  p ro d u c e d  
only  one in d iv id u a l ,  w h e r e a s  eggs  p a r a s i t i z e d  by O. s u b m e t a l l i c u s  
o f ten  p r o d u c e d  m o r e  than  one p a r a s i t e .
Two f e a t u r e s  d i s c o v e r e d  abou t  the b io logy  of t h e s e  p a r a s i t e s  
w e r e  e s p e c i a l l y  i n t e r e s t i n g .  Both  s p e c i e s  w e r e  f r e q u e n t l y  o b s e r v e d  
to o v ip o s i t  in the s a m e  h o s t  egg.  H o w e v e r ,  on ly  in d iv id u a l s  of one 
s p e c i e s  w e r e  e v e r  o b s e r v e d  to e m e r g e  f r o m  a n  egg  p a r a s i t i z e d  by 
bo th  s p e c i e s .  A l s o ,  i t  w as  found tha t  the s t r a i n  of  O. s u b m e t a l l i c u s  
in v o lv ed  in th is  s tu d y  d i f f e r e d  f r o m  tha t  s t u d i e d  by  W i l so n  an d  
W o o lco ck  (1960), and  W i lso n  (1962). The  f o r m e r  w as  found  to 
r e p r o d u c e  by  a r r h e n o t o k o u s  p a r t h e n o g e n e s i s .  It p r o d u c e d  p ro g en y  
of  d i f f e r e n t  s e x  r a t i o s ,  the  p e r c e n t a g e  of  f e m a l e s  b e in g  n e g a t iv e ly  
c o r r e l a t e d  w i th  i n c r e a s e  in t e m p e r a t u r e .  The l a t t e r  s t r a i n  w as  
th e ly o to k o u s ly  p a r t h e n o g e n e t i c .
B o th  s p e c i e s  of p a r a s i t e s  a c c e p t e d  eggs  of A c r o s t e r n u m  h i l a r e , 
E u s c h i s t u s  s e r v u s  a n d  T h y a n ta  p a l l i d o v i r e n s  a s  r e a d i l y  a s  t h o s e  of 
N e z a r a  v i r i d u l a . H o w e v e r ,  T. b a s a l i s  d id  no t  a c c e p t  e g g s  of 
E d e s s a  b i f id a  a s  a  h o s t  bu t  a  s m a l l  p e r c e n t a g e  of  the eggs  of  th is  
s p e c i e s  w as  p a r a s i t i z e d  b y  O. s u b m e t a l l i c u s . It i s  d i f f icu l t  to 
a s s e s s  the  i m p o r t a n c e  of th i s  po ly p h ag o u s  b e h a v i o r  on e f f e c t i v e n e s s  
of t h e s e  p a r a s i t e s  a s  a g e n t s  in  r e g u l a t i n g  p o p u la t io n s  o f  N. v i r i d u l a .  
It m ig h t  be f a v o r a b l e  f r o m  the  s t a n d p o i n t  of  p r o v id in g  a l t e r n a t e
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h o s t s  f o r  m a i n t e n a n c e  an d  bu i ldup  of p a r a s i t e  p o pu la t ions  in  s i tu a t io n s  
w h e r e  a s h o r t a g e  of  N. v i r i d u l a  eggs  o c c u r r e d .  On the  o t h e r  hand ,  
i t  co u ld  s e r v e  to d i lu te  the  e f f e c t  on p o p u la t io n s  of  the  t a r g e t  s p e c i e s .
In l a b o r a t o r y  e x p e r i m e n t s ,  O. s u b m e t a l l i c u s  w a s  c l e a r l y  
s u p e r i o r  to T.  b a s a l i s  in p a r a s i t i z i n g  eggs  of N. v i r i d u l a  in a l l  
t y p es  of  c o m p a r i s o n s  m a d e .  H o w e v e r ,  a  c o m p l e t e  r e v e r s a l  
o c c u r r e d  u n d e r  f i e ld  c o n d i t i o n s .  In the  f i e ld ,  T. b a s a l i s  w as  s i g n i ­
f ic a n t ly  s u p e r i o r  to O. s u b m e t a l l i c u s  in  d i s p e r s i o n  a n d  s e a r c h i n g  
c a p a b i l i t y .  T h u s ,  i t  a p p e a r s  t h a t  O. s u b m e t a l l i c u s  o f f e r s  l i t t l e  
p o te n t i a l  a s  an  e f f e c t iv e  a d d i t io n  to the  n a t u r a l  e n e m i e s  c o m p l e x  of 
N. v i r i d u l a  in L o u i s i a n a .
CONCLUSIONS
B o th  O o e n c y r t u s  s u b m e t a l l i c u s  a n d  T r i s s o l c u s  b a s a l i s  
w e r e  a f f e c t e d  s i m i l a r l y  by  t e m p e r a t u r e  a n d  p h o t o p e r io d  in  
l a b o r a t o r y  e x p e r i m e n t s .  The l a t t e r  c o m p l e t e d  d e v e l o p ­
m e n t  in  a  s l i g h t l y  s h o r t e r  p e r i o d  of t i m e  th a n  r e q u i r e d  by  
O. s u b m e t a l l i c u s .
A d u l t s  of  b o th  s p e c i e s  l i v e d  16 t i m e s  a s  lo n g ,  w h en  p r o v id e d  
h o n e y  a d  l i b i t u m ,  a s  th e y  d id  w h e n  h e l d  w i th o u t  food.  W hen 
p r o v i d e d  b o th  h o n e y  a n d  h o s t  e g g s ,  lo n g e v i ty  w a s  d e c r e a s e d  
a b o u t  29 p e r c e n t .
E a c h  h o s t  egg  p a r a s i t i z e d  b y  T .  b a s a l i s  p r o d u c e d  on ly  one 
p a r a s i t e .  E g g s  p a r a s i t i z e d  by O. s u b m e t a l l i c u s  f r e q u e n t l y  
p r o d u c e d  m o r e  t h an  one  in d iv id u a l .
H o s t  eggs  p a r a s i t i z e d  b y  one s p e c i e s  w e r e  f r e q u e n t l y  
p a r a s i t i z e d  by  the  o t h e r  b u t  in  no  c a s e  d id  m o r e  t h a n  one 
s p e c i e s  e m e r g e  f r o m  the  s a m e  egg.
T h e  s t r a i n  of  O. s u b m e t a l l i c u s  u s e d  in  th i s  s tu d y  r e p r o ­
d u c e d  b y  a r r h e n o t o k o u s  p a r t h e n o g e n e s i s .  P r o g e n y  p r o d u c e d  
b y  m a t e d  f e m a l e s  w e r e  b i p a r e n t a l  a n d  s e x  r a t i o s  w e r e  
i n f l u e n c e d  b y  t e m p e r a t u r e .  The  s t r a i n  u s e d  b y  p r e v i o u s
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r e s e a r c h e r s  r e p r o d u c e d  by the lyo tokous  p a r t h e n o g e n e s i s .  
I n c r e a s e  in t e m p e r a t u r e  to w h ich  the  p a r e n t  w as  e x p o s e d  
w as  n e g a t i v e l y  c o r r e l a t e d  w i th  p e r c e n t a g e  of  f e m a le  
p ro g e n y .
6. Both  s p e c i e s  r e a d i l y  a c c e p t e d  a s  h o s t s  the  eggs  of four  
s p e c i e s  r e p r e s e n t i n g  fo u r  g e n e r a  of s t in k  b u g s .  H o w e v e r ,  
eggs  of a  s p e c i e s  of a  f if th  g e n u s ,  E d e s s a  b i f i d a , w e r e  
r e f u s e d  by  T.  b a s a l i s  bu t  a c c e p t e d  to a  l i m i t e d  ex ten t  by 
O. s u b m e t a l l i c u s  .
7. O. s u b m e t a l l i c u s  w as  c l e a r l y  s u p e r i o r  to T.  b a s a l i s  a s  a 
p a r a s i t e  of the  eggs  of  N. v i r i d u l a  in  a l l  of the  e x p e r i m e n t s  
p e r f o r m e d  in  the  l a b o r a t o r y .  H o w e v e r ,  a  c o m p l e t e  
r e v e r s a l  o c c u r r e d  in  f ie ld  e x p e r i m e n t s  in  w h ich  T. b a s a l i s  
was  s ig n i f i c a n t l y  s u p e r i o r  in  d i s p e r s i o n  a n d  s e a r c h i n g  
c a p a b i l i t y .
8. I m p o r t a t i o n  a n d  c o lo n iz a t io n  of  O. s u b m e t a l l i c u s  a p p e a r s
to o f fe r  l i t t l e  p o te n t i a l  f o r  ad d in g  to the i m p a c t  of in d ig en o u s  
n a t u r a l  e n e m i e s  on p o p u la t io n s  of  N. v i r i d u l a  in  L o u i s i a n a .
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A P P E N D IX
T able  1. D evelopm enta l p e r io d  in th re e  s u c c e s s iv e  g e n e ra t io n s  of T. b a s a l i s  a t
d if fe ren t  te m p e r a tu re s  and 14L:10D..
No. a d u l t s  e m e r g e d
Days  a f t e r
T e m p e r a t u r e  h o s t  eggs  M ale  (g e n e ra t io n )  F e m a l e  ( g e n e ra t io n )
(°C) p a r a s i t i z e d  1st 2nd 3 r d  M ea n  1st 2nd 3 r d  M e a n
21 17 3 5 3 3. 7 - - - -
18 25 28 32 28. 3 - - - -
19 25 29 30 28. 0 6 5 4 5 .0
20 7 12 9 9 .3 22 15 18 18. 3
21 1 2 3 2. 0 49 43 54 4 8 . 7
22 - - - - 37 34 30 33.  7
23 - - - - 14 18 21 17 .7
24 - - - - 7 8 10 8. 3
25 - - - - 1 2 3 2 .0
25 11 4 6 9 6. 3 - - - -
12 23 38 30 30.  3 16 18 21 18. 3
13 20 28 35 27. 7 55 64 59 5 9 .3
14 6 8 10 8 .0 43 52 48 4 7 . 7
(continued)
T ab le  1 (continued)
D ays  a f t e r  
h o s t  eggs
No. a d u l t s  e m e r g e d
T e m p e r a t u r e M a le  (g e n e ra t io n ) F e m a l e  (g en e ra t io n )
(°C) p a r a s i t i z e d 1st 2nd 3 r d M ea n 1st 2nd 3 r d M ean
15 2 1 4 2. 3 14 18 11 14 .3
16 - - - - 5 6 4 5 .0
29 9 14 20 18 17 .3 - - - -
10 19 26 23 22. 3 42 48 53 4 7 . 7
11 27 31 35 3 1 .0 55 64 59 5 9 .3
12 7 8 10 8 . 3 13 17 22 19 .3
13 - - - - 6 10 8 8 . 0




T able  2. A n a ly s is  of v a r ia n c e  of developm en ta l p e r io d  of
T. b a s a l i s  in five s u c c e s s iv e  g e n e ra t io n s  a t  d iffe ren t
t e m p e r a tu r e s .
S o u r c e  of  
v a r i a t i o n
D e g r e e s  of 
f r e e d o m
Sum of 
s q u a r e s
M e a n  s q u a r e F  va lue
R e p l i c a t e 2 0 .0 0 3 0 .0 0 2 0. 1
**
T e m p e r a t u r e 2 287.  17 143 .58 5183 .8
**
Sex 1 8. 96 8. 96 323. 5
T e m p ,  x  Sex 2 4 .9 1 2 .4 6 88. 8
E r r o r 10 0 .2 7 9 0. 028
To ta l 17 30 1 .2 2
** P  t  0. 01
T able  3. D evelopm en ta l p e r io d  in th re e  su c c e s s iv e  g e n e ra t io n s  of O. su b m e ta ll icu s  a t
d if fe ren t  t e m p e r a tu re s  and  14L:10D.
No. a d u l t s  e m e r g e dDays  a f t e r  *—    . . . . . . .  - . -------------------------
M a le  ( g e n e ra t io n )  F e m a l e  ( g e n e ra t io n )
(°c) p a r a s i t i z e d 1st 2nd 3 rd M ean 1st 2nd 3 r d M ea n
21 23 .. 4 3 2 3
24 3 2 2 2. 3 10 12 7 9. 7
25 3 3 2 2. 7 16 19 13 16 .0
26 6 9 4 6. 3 32 36 27 31. 7
27 8 6 4 6. 0 39 35 31 3 5 .0
28 3 5 4 4 . 0 17 19 21 19 .0
29 1 2 0 1 .0 14 18 11 14. 3
30 2 0 1 1 .0 8 7 5 6. 7
31 - - - - 1 1 0 0. 7
25 14 - - - - 0 2 1 1
15 0 1 2 1 4 7 5 5 .3
16 10 6 8 8 38 43 48 4 3 . 0
17 7 12 9 9 .3 49 58 50 49.  7
18 2 2 1 1 .7 9 12 14 11 .7
(continued)
T able  3 (continued)
Days a f t e r  
h o s t  eggs
No . a d u l t s e m e r ged
T e m p e r a t u r e M ale  ( g e n e ra t io n ) F e m a l e  (g e n e ra t io n )
(°C) p a r a s i t i z e d 1st 2nd 3 r d M e a n 1st 2nd 3 r d M ean
19 1 1 2 1. 3 4 • 2 4 3. 3
20 1 0 1 0. 7 0 1 1 0. 7
21 0 1 1 0. 7 1 0 1 0. 7
29 11 - - - - 2 0 1 1 .0
12 1 0 2 1.0 7 3 5 5 .0
13 16 9 14 13. 3 54 43 48 48.  3
14 10 6 13 9 . 7 48 42 53 47.  7
15 5 2 3 3. 0 13 8 10 10. 3
16 3 2 1 3 .0 7 5 3 5. 0
17 2 1 0 1.0 2 2 1 1 .7
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T a b le  4. A n a l y s i s  of  v a r i a n c e  of d e v e lo p m e n ta l  p e r i o d  of
O. s u b m e t a l l i c u s  in  f ive  s u c c e s s i v e  g e n e r a t i o n s  a t  
d i f f e r e n t  t e m p e r a t u r e s .
S o u r c e  of 
v a r i a t i o n
D e g r e e s  of 
f r e e d o m
Sum of 
s q u a r e s
M e a n  s q u a r e F  v a lue
R e p l i c a t e 2 0. 025 0. 013 0. 74
T e m p e r a t u r e 2 545. 63 2 7 2 .8 2 15598 .63
Sex 1 0. 014 0. 014 0. 79
T e m p ,  x Sex 2 0. 11 0 . 0 5 5 3. 14
E r r o r 10 0. 17 0 .0 1 7
T o ta l 17 545. 92
** p  < 0. 01
Table  5. P e r c e n t  e m e rg e n c e  in five su c c e s s iv e  g e n e ra t io n s  of T. b a sa l is  a t  d iffe ren t
te m p e r a tu re s  and  14L:10D.
T e m p .
(0 £ j  G e n e r a t io n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
ho les
e m e r g e n c e aJ
No.
p a r a s i t e s
e m e r g e d
Individuals
p e r  egg^ /
21
25
1 269 223 82. 9 223
2 270 213 7 8 .9 213
3 283 249 88. 0 249
4 274 238 86. 7 238
5 281 239 85. 1 239
M ean - - 84. 3 -
1 280 2 49 88. 9 249
2 275 253. 9 2 .0 253
3 283 243 85.  7 243
4 269 250 92. 7 250
5 281 241 85. 8 241
M ean - 89. 1 -
(continued)
T able  5 (continued)
T e m p .
(°C) G e n e r a t i o n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
h o le s
%
e m e r g e n c e 3 ^
No.
p a r a s i t e s
e m e r g e d
Indiv idua ls  
p e r  e g g k /
29 1 281 242 86. 1 212 1
2 287 263 9 1 .6 263 1
3 272 233 85. 7 233 1
4 286 260 90. 1 260 1
5 291 256 8 8 .0 256 1
M ean - - 88. 3 - 1
a_/ P e r c e n t  of h o s t  eggs from  which p a r a s i t e s  e m e rg e d .
hj M ean n u m b er  of p a ra s i t e s  e m e rg e d  p e r  h os t  egg.
T able  6. P e r c e n t  e m e rg e n c e  in five s u c c e s s iv e  g e n e ra t io n s  of T. b a s a l i s  a t  d if fe ren t
t e m p e r a tu re s  and  10L,:14D.
T e m p .
(°C) G e n e r a t i o n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
h o le s
%
e m e r g e n c e —^
No.
p a r a s i t e s
e m e r g e d
Ind iv idua ls  
p e r  e g g k /
21 1 278 222 7 9 .9 222 1
2 269 219
o!\i00 219 1
3 284 213 76. 1 213 1
4 277 246 89. 1 246 1
5 282 248 87. 9 248 1
M ean - - 8 3 . 0 - 1
25 1 268 239 85. 1 239 1
2 289 262 89. 1 262 1
3 257 251 8 7 . 2 251 1
4 276 270 9 2 . 8 270 1
5 282 265 89. 8 265 1
M ean _ _ 8 8 .8 - 1
(continued)
T able  6 (continued)
T e m p .
(°C) G e n e r a t io n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
h o le s
% a ,  e m e r g e n c e
No.
p a r a s i t e s
e m e r g e d
Ind iv idua ls  
p e r  e g g - '
29 1 269 249 85. 9 249 1
2 278 252 90. 3 252 1
3 286 271 92. 8 271 1
4 281 251 86.  9 251 1
5 279 267 9 1 . 4 267 1
M ean - - 89.  5 - 1
a /  P e r c e n t  of h o s t  eggs f ro m  which p a ra s i t e s  e m e rg e d ,
bJ M ean n u m b er  of p a r a s i t e s  e m e rg e d  p e r  hos t  egg.
T able  7. P e r c e n t  e m e rg e n c e  in five s u c c e s s iv e  g e n e ra t io n s  of O. su b m e ta ll icu s  a t
d if fe ren t  t e m p e r a tu re s  and 14L:10D.
T e m p .
(°C) G e n e r a t i o n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
ho le s
% / a /e m e r g e n c e —'
No.
p a r a s i t e s
e m e r g e d
Ind iv idua ls  
p e r  e g g k /
21 1 286 224 78. 9 268 1 .20
2 271 225 8 3 .0 247 1. 10
3 279 240 8 6 .0 312 1 .30
4 280 210 7 5 .0 252 1 .20
5 269 234 8 7 .0 278 1. 19
M ean - - 8 4 .0 270 1.20
25 1 268 225 84. 0 270 1 .20
2 283 224 7 9 .2 275 1 .23
3 276 245 88. 8 291 1. 19
4 284 244 85. 9 380 1 .56
5 278 255 9 1 .8 328 1 .2 9
M ean - 8 5 . 9 1 .2 9
(cont inued)
T able  7 (continued)
T e m p .
(°C) G e n e r a t i o n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
ho le s
%e t n e r g e n c e
No.
p a r a s i t e s
e m e r g e d
Indiv iduals  
p e r  egg
29 1 277 229 82. 7 241 1 .49
2 281 224 79. 7 269 1. 20
3 290 261 90. 0 339 1. 30
4 275 234 85. 1 304 1. 30
5 283 246 87. 0 295 1 .20
M ean - - 84. 9 - 1. 30
a /  P e r c e n t  of host eggs f ro m  w hich p a ra s i t e s  e m e rg e d ,
b /  M ean  n u m b er  of p a r a s i t e s  e m e rg e d  p e r  h o s t  egg.
T able  8. P e r c e n t  e m e rg e n c e  in five s u c c e s s iv e  g e n e ra t io n s  of O. su b m e ta l l ic u s  a t
d if fe ren t  t e m p e ra tu re s  and  14L:10D*
T e m p .  No. No.  % No. Ind iv idua ls
( ° C )  G e n e r a t i o n  h o s t  eggs  e m e r g e n c e  e m e r g e n c e — p a r a s i t e s  p e r  e g g ^
p a r a s i t i z e d  h o le s  e m e r g e d
1 258 217 80. 7 284 1. 10
2 281 213 78. 9 257 1.21
3 265 215 76. 0 280 1. 30
4 276 236 86. 1 258 1 .0 9
5 267 235 83. 6 282 1. 20
M ean - - 81. 1 - 1. 18
1 265 232 82. 9 303 1 .31
2 278 237 8 6 .2 283 1. 19
3 259 252 89. 1 323 1 .2 8
4 282 221 82. 2 247 t 1. 12
5 276 236 84.  0 307 1. 30
M ean _ 84. 9 - 1 .2 4
(continued)
T able  8 (continued)
T e m p .
( ° C ) G e n e r a t i o n
No. 
h o s t  eggs  
p a r a s i t i z e d
No.
e m e r g e n c e
h o le s
% / a  /e m e r g e n c e  '
No.
p a r a s i t e s
e m e r g e d
Indiv idua ls  
p e r  e g g k /
29 1 276 242 86. 1 361 1.31
2 . 268 253 88. 2 376 1 .40
3 281 220 80. 9 265 1 .20
4 259 2 40 83. 9 266 1. 11
5 279 259 8 9 .0 338 1. 31
M ean - - 85. 6 - 1. 27
a /  P e r c e n t  of host eggs from  which p a ra s i t e s  e m e rg e d ,
b /  M ean  n u m b er  of p a r a s i t e s  e m e rg e d  p e r  h o s t  egg.
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Table  9. A dult longev ity  of m a le  T. b a s a l i s  in the p re se n c e  and
a b s e n c e  of honey.
T r e a t m e n t  R e p .  N o - o£ L o ngev i ty  (days)
A d u l t s  R ange  M ean
Honey  1 5 36 - 47 4 1 .4
2 5 40 - 50 4 6 .2
3 5 38 - 48 4 3 .2
4 5 39 - 49 4 4 .4
5 4 36 -  48 4 3 .5
4 3 .7
C heck  1 5 2 - 3 2 .6
2 5 2 - 3 2 .6
3 5 2 - 4 2. 6
4 5 2 - 3 2 . 6
5 5 2 - 3 2 .6
2 . 6
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T able  10. A dult longev ity  of fem a le  b a sa l is  in the p re s e n c e
and a b se n c e  of honey and h o s t  eggs.
T r e a t m e n t  R e p . No. of  L o n g e v i ty  (days)
A d u l t s  R an g e  M e a n
H oney  1 5 45 - 55 5 0 .4
2 5 49 - 56 5 2 .4
3 5 44 - 55 4 9 . 6
4 5 40 - 57 47. 6
5 5 47 - 55 5 1 .8
5 0 . 4
H oney  +
h o s t  eggs  1 5 30 - 44 3 7 . 8
2 5 3 1 - 4 1  3 6 .6
3 4 32 - 39 35. 5
4 5 29 - 40 3 4 .2
5 4 32 - 40 3 5 .8
3 6 .0
H o s t  eggs  1 5 2 - 3 2 . 6
2 5 2 - 3 2 . 6
3 5 2 - 3 2 . 8
4 4 2 - 3 2 . 6
5 5 2 - 3 2 . 6
2 . 6
C h e c k  1 5 2 - 3 2 . 8
2 5 2 - 3 2 . 6
3 5 2 - 3 2 . 6
4 4 2 - 3 2 . 6
5 5 2 - 3 2 . 8
2 . 7
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T ab le  11. A dult longev ity  of m a le  O. su b m e ta l l ic u s  in  the p re se n c e
and  a b se n c e  of honey.
T r e a t m e n t R ep . No. of L o n g e v i ty  (days)
A d u l t s R an g e M ean
Honey 1 4 12 - 16 13. 8
2 5 13 - 16 14. 8
3 4 13 - 16 14. 5
4 5 13 - 17 14. 6
5 5 14 - 17 15 .4
- - - 14. 6
Check 1 5 2 - 3 2 . 6
2 5 1 - 3 2 . 2
3 5 2 - 3 2. 6
4 5 2 - 3 2. 8
5 4 2 - 3 2. 6
2. 6
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T able  12. A v e ra g e  adu lt  longevity  of fem a le  O. su b m e ta ll icu s
in  the p re s e n c e  and  ab sen c e  of honey and h o s t  eggs.
T r e a t m e n t R e p .
No. of L o n g e v i ty  (days)
A d u l t s R a n g e M ean
Honey 1 5 40 - 55 4 7 . 8
2 4 38 - 50 44. 5
3 5 45 - 58 5 0 .0
4 5 42 - 54 48. 6
5 4 36 - 50 4 3 . 8
- - - 46. 9
H oney  +
h o s t  eggs 1 5 25 - 36 3 0 . 4
2 5 27 - 41 3 3 . 4
3 4 27 - 36 32. 3
4 5 32 - 42 36. 6
5 5 28 - 40 3 4 .0
- - - 33. 3
H o s t  eggs 1 5 2 - 3 2 . 8
2 5 1 - 3 2 .2
3 4 2 - 3 2 . 6
4 4 2 - 4 2 . 9
5 5 2 - 3 2 . 8
- - - 2. 7
C h ec k 1 4 2 - 3 2 . 2
2 5 2 - 3 2 . 6
3 5 2 - 3 2 . 6
4 5 2 - 3 2 . 8
5 5 2 - 3 2 . 6
- - - 2 . 6
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T able  13. Sex r a t io  of O. su b m e ta l l ic u s  in s u c c e s s iv e  gen e ra tio n s
a t  t e m p e r a tu r e  of 216C.
G e n e r a t i o n No.
M a le
a d u l t s  e m e r g e d
F e m a l e
R a t io  
( cr : 9 )
1 24 118 1 :4 .9
2 16 130 1:8 .0
3 22 158 1:7. 3
4 20 136 1 :6 .8
5 23 90 1:3. 9
6 27 153 1:5. 7
7 20 96 1:4. 8
8 19 136 1:7. 1
9 16 146 1:9. 1
M e a n - - 1 :6 .4
T a b le  14. Sex r a t i o  of O. s u b m e t a l l i c u s  in s u c c e s s i v e  g e n e r a t i o n s  
a t  t e m p e r a t u r e  of  2 5 ° C .
G e n e r a t i o n No.
M a le
a d u l t s  e m e r g e d
F e m a l e
R a t io  
( cT : 9 )
1 40 128 1 :3 .2
2 13 102
00
3 45 243 1 :5 .4
4 20 122 1:6. 1
5 23 113 1 :4 .9
6 22 125 1 :5 .7
7 22 129 1 :5 .9
8 41 193 1 :4 .7
9 24 151 1 :6 .3
M e a n - - 1 :5 .6
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T ab le  15. Sex r a t io  of O. su b m e ta l l ic u s  in s u c c e s s iv e  gen e ra tio n s
a t  t e m p e r a tu re  of 29°C .












F e m a l e  ( cf : 9 )
128 1 5. 3
140 1 3 . 4
150 1 2 . 9
58 1 2 . 8
166 1 4. 7
101 1 3 .7
133 1 4 . 2
131 1 5 . 2
108 1 3. 5
1 4 . 0
T able  16. P e r c e n t  p a ra s i t i s m  of the eggs of pen ta tom id  sp e c ie s  by T. b a s a l i s .
S p e c ie s
N.
v i r i d u l a
h i l a r  e
E .
b i f id a
______________ R e p l i c a t i o n _______________________________
__________ 1_____________ ___________2___________  3______________  M ean
T e s t  No.  eggs  % No. eggs  % No. eggs  % %










9 6 . 9  














9 7 . 5  
94. 3 
9 8 . 9  
96. 7












9 6 . 6  
9 3 .0  
91. 1 















9 1 . 8
9 4 .0
9 3 .9




































T able  16 (continued)
R e p l i c a t i o n
M e a n
S p ec ie s T e s t No.  eggs  
in  m a s s
%
p a r a s i t i s m
No. eggs  
in  m a s s
%
p a r a s i t i s m
No. eggs  
in m a s s
%
p a r a s i t i s m
%
p a r a s i t i s m
E.
s e r v u s 1 34 94. 1 29 100 38 92. 1 9 5 .4
2 43 9 5 . 4 30 100 26 9 2 .3 9 6 .0
3 21 90. 5 24 100 23 9 1 .3 9 3 .9
4 35 94. 3 24 9 1 .2 28 9 2 . 9 9 2 .8
T.
p a l l i d o v i r e n s 1 19 100 22 9 0 .9 19 89.  5 9 3 .5
2 26 9 2 .3 19 89. 5 22 95. 5 92. 5
3 27 100 17 94. 1 21 9 5 .2 9 6 .4
4 17 94. 1 21 90. 5 23 9 5 . 9 9 3 . 4
T able  17. P e r c e n t  p a ra s i t i s m  of the eggs of pen ta tom id  sp e c ie s  by O. s u b m e ta l l ic u s .
R e p l i c a t i o n
1 2 3 M e a n
S p e c ie s  T e s t  No.  eggs  % No. eggs  % No. eggs  % %
in  m a s s  p a r a s i t i s m  in  m a s s  p a r a s i t i s m  in m a s s  p a r a s i t i s m  p a r a s i t i s m
N.








9 5 .6  







9 8 . 9  
97. 5







9 5 . 7
9 6 .6






























8 2 . 8
9 6 . 4
9 3 .6
9 2 .3


































0 . 8  




T able  17 (continued)
.______ R e p l i c a t i o n _____________________________
__________ 1__________  ___________2______________  3_________________ M ea n
S p e c ie s  T e s t  No. eggs  % No. eggs  % No. eggs  % %
in  m a s s  p a r a s i t i s m  in m a s s  p a r a s i t i s m  in m a s s  p a r a s i t i s m  p a r a s i t i s m
E.
















































9 3 .8  
100
9 0 . 9  














Table 18. Number of eggs parasitized by 0. submetallicus and T. basalis in different combinations.
Combination Rep. No. eggs 
p a r a s i t i z e d To ta l
a /No. a d u l t s  emerged2- 
Ooencyrtus T r i s s o lc u s
Combined 0. & T. 1 232 216 160(74.1) 56(25.9)
2 192 181 121(66.8) 60(33.2)
3 241 234 123(60.9) 79(39.1)
4 216 207 158(67.5) 76(32.5)
Mean - - -  (67.3) - (3 2 .7 )
A l te rn a te d  0.  & T. 1 201 189 119(63.6) 70(37.0)
a t  24-hr  i n t e r v a l s 2 211 195 143(73.7) 51(26.3)
3 191 181 119(65.7) 62(34.3)
4 214 198 143(72.2) 55(27.8)
i
Mean - - -  (68.7) - (3 1 .4 )
A l te rn a te d  T. & 0. 1 195 188 133(69.6) 58(30.4)
a t  24-hr  i n t e r v a l s 2 185 176 99(56.2) 77(43.8)
3 201 186 108(58.1) 78(41.9)
4 219 202 133(65.8) 69(34.2)
Mean - - -  (62.4) - (3 7 .6 )
a /  F igures  i n  the  p a r e n t h e s i s  a r e  pe rc e n t  emergence of  each sp e c ie s  from the  t o t a l  a d u l t s  emerged.
82
T ab le  19. A n a ly s is  of v a r ia n c e  of p e rc e n t  p a r a s i t i s m  betw een
O. su b m e ta l l ic u s  and  T. b a s a l i s f ^
S o u r c e  of D e g r e e s  of 
v a r i a t i o n  f r e e d o m
S u m  of 
s q u a r e s
M e a n
s q u a r e
F
va lue
R e p l i c a t i o n 3 0 0
C o m b in a t io n 2 0 0
**
158.51S p ec ie s 1 6 2 4 6 .8 3 6246. 82
C o m b in a t io n s
x s p e c i e s 2 1 5 4 .0 4 77. 02 1 .95
E r r o r 15 5 9 1 .0 9 39. 41
T o ta l 23 6 9 9 1 .9 6
**  P < 0 . 0 1
aJ  D a ta  u s e d  in  the  a n a l y s i s  a r e  A p p e n d ix  T a b le  18.
T a b le  20. N u m b e r  of 
f i e ld  t r i a l s
egg m a s s e s  
in  1977.
p a r a s i t i z e d  in  the p r e l i m i n a r y
T r e a t m e n t T e s t ^
( R e l e a s e d  s p e c i e s ) J u l y  15 J u ly  31 A u g u s t  14
O o e n c y r tu s 8(16) 8(17) 7(17)
T r i s s o l c u s 9(18) 10(16) 9(16)








C o n t r o l 2(18) 1(16) 2(17)
a /  F i g u r e s  in  p a r e n t h e s i s  a r e  n u m b e r  of egg m a s s e s  
c o l l e c t e d  out  o f  20 p l a c e d  in  e a c h  t r e a t m e n t .
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T a b le  21. A n a l y s i s  of  v a r i a n c e  of  p e r c e n t  p a r a s i t i s m  in  the 
p r e l i m i n a r y  f ie ld  t r i a l s  d u r in g  1 9 7 7 . ^
S o u r c e  of  D e g r e e s  of Sum  of M e a n  F
v a r i a n c e  f r e e d o m  s q u a r e s  s q u a r e  va lue
T r e a t m e n t 2 3 6 9 .1 0 74. 53 4 .4 7  ns
T e s t 2 149 .06 7 6 .6 9 4. 60 ns
E r r o r 4 153 .39 16 .6 6
T ota l 8 3 6 9 .1 0
ns  P  > 0. 05
a J  D a ta  u s e d  in the  a n a l y s i s  is  p r e s e n t e d  in  T a b le  15.
Ta b le  22. M e a n  p e r c e n t  p a r a s i t i s m  of egg m a s s e s  in t h r e e  t r i a l s  a t  e a c h  s t a t i o n  in  the
a /e x p e r i m e n t a l  a r e a  in 1978 .
S ta t ion  a n d  d i s t a n c e  
f r o m  c e n t r a l  r e l e a s e  
p o in t ,  m
S p ec ie s
O o e n c y r tu s T r i s s o l c u s C o m b in e d  (O. + T.  )

























9 . 2  
0
5 4 .6




58. 8 (2 5 .0  + 3 3 .8 )  
4 6 . 3 ( 1 2 . 5  + 3 3 .8 )  
2 4 .4 (0  + 2 4 .4 )  
2 8 . 4 ( 1 6 . 7  + 11 .8)
0
6 2 . 6 ( 3 3 . 3  + 29. 3) 
3 9 .0 (1 4 .3  + 2 4 .2 )  
3 3 . 0 ( 1 2 . 5  + 20. 5) 
15 .2 (0  + 15 .2 )
0
(continued)
T able  22 (continued)
S ta t io n  a n d  d i s t a n c e  
f r o m  c e n t r a l  r e l e a s e  
p o i n t , m
S p e c ie s
O o e n c y r tu s T r i s s o l c u s C o m b in e d  ( O. + T. )
South
1 5 0 .0 5 0 .0 5 7 . 1 ( 2 8 . 6  + 2 8 .6 )
5 33. 3 57. 1 62. 5 (2 5 .0  + 37. 5)
10 37. 5 2 8 . 6 4 2 . 9 ( 1 4 . 3  + 2 8 .6 )
15 16. 7 12. 7 12. 5(0 + 12. 5)
20 0 16. 7 0
E a s t
1 42.  9 5 5 .9 60. 7 (2 5 .0  + 35. 7)
5 50. 0 6 1 . 4 4 0 . 8 ( 1 4 . 3  + 2 6 .5 )
10 37. 5 26.  5 4 7 . 6 ( 3 3 . 3  + 14 .2)
15 0 9 . 9 14 .2(0  + 14 .2 )
20 0 0 0
a J  P e r c e n t  p a r a s i t i s m  by O. s u b m e t a l l i c u s  a n d  T. b a s a l i s .  F i g u r e s  u s e d  in  the 
c o n v e r s i o n  a r e  g iven  in  A p p e n d ix  T a b le  23.
Table 23. P e r c e n t  p a ra s i t i s m  of egg m a s s e s  a t  each  s ta tio n  in the e x p e r im e n ta l  a r e a  in th re e  t r i a l s  in
1978.
Sta t ion  an d
c e n t r a l  r e l e a s e
po in t ,  m
1 2 3 1 2
North
1 66.7 50.0 33.3 50.0 66.7
5 50.0 33.3 50.0 66.7 50.0
10 33.3 50.0 0.0 50.0 50.0
15 0.0 0.0 0.0 33.3 0.0
20 0.0 0.0 0.0 0.0 0.0
West
1 50.0 66.7 50.0 66.7 50.0
5 50.0 50.0 33.3 50.0 66.7
10 33.3 0.0 50.0 50.0 50.0
15 0.0 0.0 0.0 50.0 33.3
20 0.0 0.0 0.0 0.0 0.0
Species
Ooencyrtus  + T r i s so lcu s— Control
3 1 2 3 1 2 3
66.7 0.0+50.0 50.0+50.0 33.3+33.3 0 .0 0 .0 0.0
50.0 50.0+50.0 0.0+33.3 0.0+50.0 0.0 0.0 0.0
33.3 50.0+0.0 0.0+0.0 0.0+50.0 50.0 0.0 0.0
0.0 0.0+33.3 0.0+50.0 0.0+0.0
o•o 50.0 0.0
0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0 0.0 0.0
50.0 50.0+50.0 0.0+50.0 50.0+0.0 0.0 0.0 0 .0
50.0 50.0+0.0 50.0+0.0 0.0+50.0 0.0 0.0 0.0
50.0 0.0+33.3 0.0+50.0 0.0+33.3 0 .0 0.0 0.0
0.0 0.0+0.0 0.0+0.0 0.0+0.0 50.0
o•o 33.0
0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0 0 .0 0 .0
(continued)
Table 23. (continued)
S ta t io n  a n d  
d i s t a n c e  f r o m  
c e n t r a l  r e l e a s e  
po in t ,  m
S p e c ie s
Ooencyrtus T r i s s o lc u s Ooencyrtus + T r i s s o l c u s ^ Control
1 2 3 1 2 3 1 2 3 1 2 3
South
1 50.0 50.0 50.0 66.7 50.0 50.0 0.0+50.0 50.0+50.0 50.0+0.0 0.0 0.0 0 .0
5 66.7 0.0 50.0 100 0 .0 33.3 50.0+0.0 0.0+50.0 0.0+50.0 0.0 0.0 0.0
10 50.0 33.3 33.3 0.0 33.3 50.0 33.3+33.3 0.0+0.0 0.0+50.0 0.0 0.0 0.0
15 0 .0 50.0 0.0 0.0 50.0 0.0 0.0+33.3 0.0+50.0 0.0+33.3 0.0 0.0 0.0
20 0.0 0.0 0.0 50.0 0.0 0 .0 0.0+0.0 0.0+0.0 0.0+0.0 0.0 0 .0 0 .0
East
1 50.0 50.0 50.0 50.0 50.0 66.7 0.0+50.0 50.0+50.0 50.0+50.0 0 .0 0.0 0.0
5 50.0 66.7 50.0 66.7 50.0 50.0 33.3+33.3 0.0+66.7 50.0+0.0 0.0 0.0 0.0
10 50.0 33.3 50.0 50.0 33.3 0.0 50.0+0.0 0.0+50.0 0.0+50.0 0 .0 0.0 0.0
15 0 .0 0.0 0.0 33.3 0 .0 33.3 0.04-50.0 0.0+0.0 0.0+0.0 0.0 0 .0 0.0
20 0 .0 0 .0 0.0 0.0 0 .0 0 .0 0.0+0.0 0.0+0.0 0.0+0.0 0 .0 0.0 0.0
a /  F igu res  used in  the  convers ion of  percen t  p a r a s i t i s m  a r e  g iven  in A ppend ix  T a b le  24.
b /  P e rcen t  p a r a s i t i s m  by (). subm eta l l icus  and T. b a s a l i s .
T able  24. N u m b er  of p a ra s i t iz e d  egg m a s s e s  p laced  a t  each  s ta tio n  in the e x p e r im e n ta l  a r e a  in th re e
t r i a l s  in  1 9 7 8 .- '
S ta t ion  a n d _____________________________________________ S p e c ie s
d i s t a n c e  f r o m
c e n t r a l  r e l e a s e  Ooencyrtus T r i s s o lc u s  Ooencyrtus & T r i s so lc u s  Control
p o in t ,  m
1 2 3 1 2 3 1 2 3 1 2 3
North
1 2(3) 1(2) 1(3) 1(2) 2(3) 2(3) 0+1(2) 1+1(3) 1+1(3) 0(3) 0(2) 0(2)
5 1(2) 1(3) 1(2) 2(3) 1(2) 1(2) 1+1(3) 0+1(3) 0+1(2) 0(2) 0(3) 0(3)
10 1(3) 1(2) 0(2) 1(2) 1(2) 1(3) 1+0(2) 0+0(2) 0+1(2) 1(2) 0(2) 0(3)
15 0(2) 0(3) 0(3) 1(3) 0(2) 0(2) 0+1(3) 0+1(2) 0+0(2) 0(3) 1(2) 0(2)
20
West
0(2) 0(2) 0(2) 0(2) 0(3) 0(2) 0+0(2) 0+0(3) 0+0(3) 0(2) 0(3) 0(2)
1 1(2) 2(3) 1(2) 2(3) 1(2) 1(2) 1+1(2) 0+1(2) 1+0(2) 0(2) 0(2) 0(2)
5 1(2) 1(2) 1(3) 1(2) 2(3) 1(2) 1+0(2) 1+0(2) 0+1(2) 0(3) 0(2) 0(2)
10 1(3) 0(2) 1(2) 1(2) 1(2) 1(2) 0+1(3) 0+1(2) 0+1(3) 0(2) 0(3) 0(3)
15 0(2) 0(2) 0(2) 1(2) 1(3) 0(2) 0+0(2) 0+0(3) 0+0(2) 1(2) 0(2) 1(3)
20 0(2) 0(3) 0(3) 0(2) 0(2) 0(2) 0f0(2) 0+0(2) 0+0(3) 0(3) 0(2) 0(2) 
(continued)
Table 24. (continued)
S ta t io n  an d S p e c ie s
d i s t a n c e  f r o m  
c e n t r a l  r e l e a s e  
p o in t ,  m
Ooencyrtus T r i s s o lc u s Ooencyrtus & T r i s s o lc u s Control
1 2 3 1 2 3 1 2 3 1 2 3
South
1 1(2) 1(2) 1(2) 2(3) 1(2) 1(2) 0+1(2) 1+1(2) 1+0(2) 0(2) 0(3) 0(2)
5 2(3) 0(2) 1(2) 2(2) 0(2) 1(3) 1+0(2) 0+1(2) 0+1(3) 0(3) 0(2) 0(3)
10 1(2) 1(3) 1(3) 0(2) 1(3) 1(2) 1+1(3) 0+0(3) 0+1(2) 0(2) 0(2) 0(2)
15 0(2) 1(2) 0(2) 0(3) 1(2) 0(3) 0+1(3) 0+1(2) 0+1(3) 0(2) 0(3) 0(3)
20 0(3) 0(2) 0(3) 1(2) 0(2) 0(2) 0+0(2) 0+0(2) 0+0(2) 0(2) 0(2) 0(2)
East
1 1(2) 1(2) 1(2) 1(2) 1(2) 2(3) 0+1(2) 1+1(2) 1+1(3) 0(2) 0(2) 0(2)
5 1(2) 2(3) 1(2) 2(3) 1(2) 1(2) 1+1(3) 0+2(3) 1+0(2) 0(2) 0(2) 1(3)
10 1(2) 1(3) 1(2) 1(2) 1(3) 0(2) 1+0(2) 1+1(2) 0+1(2) 0(3) 0(3) 0(2)
15 0(2) 0(2) 0(3) 1(3) 0(2) 1(3) 0+0(2) 0+0(2) 0+0(2) 0(2) 0(3) 0(2)
20 0(2) 0(2) 0(2) 0(3) 0(3) 0(2) 0+0(3) 0+0(2) 0+0(3) 0(2) 0(2) 0(3)
a/ Figures in the parenthesis are number of egg masses collected from each station. Initially three egg 
masses were placed at each station.
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T ab le  25. A n a ly s is  of v a r ia n c e  of p e rc e n t  egg m a s s e s  p a ra s i t iz e d
a t  eac h  s ta tio n  in  the e x p e r im e n ta l  a r e a . ^
S o u r c e  of 
v a r i a t i o n
D e g r e e s  of 
f r e e d o m
S u m  of 
s q u a r e s
M e a n
s q u a r e
F
v a lu e
T r e a t m e n t 2 6 1 0 .0 9 3 0 5 .0 5
*
3 .7 4
D i r e c t i o n 3 101. 59 33. 87 0 . 4 2
D is ta n c e 4 2 5 9 0 6 .9 2 6 4 7 6 .7 3
**
7 9 .4 4
T r e a t m e n t  x 
D i r e c t i o n 6 32. 92 5 . 4 9 0 . 0 7
T r e a t m e n t  x
D is t a n c e 8 3 3 6 .8 5 42.  11 0. 52
D i r e c t i o n  x
D is ta n c e 12 3 8 1 .9 9 3 1 .8 3 0 . 3 9
E r r o r 24 1 9 5 6 .6 4 81.  53
Tota l 59 2 9 3 2 7 . 0 0
* P <  0 . 0 5 ,  ** P-= 0. 01.
aJ  D a ta  u s e d  in  the a n a l y s i s  a r e  in  A p p e n d ix  T a b l e ’17.
VITA
Seung  C h a n  L e e  w as  b o r n  in  J in d o ,  K o r e a  on M a r c h  6, 1935. 
F r o m  M a r c h ,  1955 to S e p t e m b e r ,  I960,  he a t t e n d e d  A g r i c u l t u r a l  
C o l l e g e ,  Seou l  N a t io n a l  U n i v e r s i t y  w h e r e  he  r e c e i v e d  a  B a c h e l o r  
of  S c ie n c e  d e g r e e  in  A g r i c u l t u r a l  B io lo g y .  Upon g r a d u a t i o n ,  he 
w as  e m p l o y e d  a s  a  r e s e a r c h  o f f i c e r  a t  the D e p a r t m e n t  of E n to m o lo g y ,  
I n s t i t u t e  of A g r i c u l t u r a l  S c i e n c e s ,  Office  of  R u r a l  D e v e lo p m e n t .
F r o m  S e p t e m b e r ,  1965 to O c to b e r ,  1967, he  a t t e n d e d  the  
g r a d u a t e  s c h o o l  of U n i v e r s i t y  of  C a n t e r b u r y ,  New Z e a l a n d  an d  
r e c e i v e d  a  M a s t e r  of  S c i e n c e  d e g r e e  in  E n to m o lo g y  in  M ay ,  1968.
He r e s u m e d  h i s  d u t ie s  a s  a  s e n i o r  r e s e a r c h  o f f i c e r  a t  the  In s t i tu t e  
of A g r i c u l t u r a l  S c i e n c e s  in  N o v e m b e r ,  1967.
In S e p t e m b e r ,  1975, he e n t e r e d  the  g r a d u a t e  s c h o o l  of L o u i s i a n a  
S ta t e  U n i v e r s i t y  a n d  w as  a w a r d e d  a f e l lo w s h ip  f r o m  the  G o v e r n m e n t  
of R e p u b l i c  of  K o r e a  in  c o l l a b o r a t i o n  w i th  U n i te d  S t a t e s  of A m e r i c a .
He i s  p r e s e n t l y  a  c a n d i d a t e  f o r  the d e g r e e  o f  D o c t o r  of 
P h i l o s o p h y  in  E n t o m o lo g y .
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